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 A planetary cycler trajectory is a periodic orbit that shuttles a spaceship 
indefinitely between two or more planets, ideally using no powered maneuvers.  
Recently, the cycler concept has been revived as an alternative to the more traditional 
human-crewed Mars missions. 
This dissertation investigates a class of idealized Earth-Mars cyclers that are 
composed of Earth to Earth free-returns trajectories patched together with gravity-
assisted flybys.  A systematic method is presented to identify all feasible free-return 
trajectories following an arbitrary gravity-assisted flyby.  The multiple-revolution 
Lambert’s Problem is solved in the context of half-rev, full-rev, and generic returns.  
The solutions are expressed geometrically, and the resulting velocity diagram is a 
mission-planning tool with applications including but not limited to Earth-Mars cyclers.   
Two different global search methods are then developed and applied, taking 
advantage of all three types of free-return solutions.  The first method results in twenty-
four ballistic cyclers with periods of two to four synodic periods, ninety-two ballistic 
 vi
cyclers with periods of five or six synodic periods, and hundreds of near-ballistic 
cyclers.  Most of the solutions are previously undocumented.  The second and more 
generalized method only searches for the more practical cyclers with repeat times of 
three-synodic periods or less.  This global approach uses combinatorial analysis and 
minimax optimization to identify 203 promising ballistic or near-ballistic mostly new 
cyclers.   
Finally, the feasibility of accurate ephemeris versions of the promising idealized 
cyclers is demonstrated.  An efficient optimization method that utilizes analytic 
gradients is developed for long duration, ballistic, patched-conic trajectories with 
multiple flybys.  The approach is applied at every step of a continuation method that 
transitions the simple model solutions to accurate ephemeris solutions.  Hundreds of 
ballistic launch opportunities for accurate ephemeris cyclers are documented.  
Remarkably, twenty parent cyclers are found to have an average total maneuver 
requirement over all twenty-one launch windows of less than 100 m/s for seven-cycle 
propagations. 
In summary, the Earth-Mars cycler problem is fully addressed from the problem 
definition stage all the way to solutions in a reasonably accurate ephemeris model for a 
broad class of cyclers.  The most promising solutions are viable options for sustaining a 
Earth-Mars transportation system.  
 vii
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1.1 CYCLER DEFINITIONS AND SOLAR SYSTEM MODELS 
A cycler orbit can be generally defined as a perfectly repeatable round-trip 
trajectory that shuttles between any two or more celestial bodies.  The cycler concept is 
an alternative approach to developing and maintaining a human presence on Mars. 1,2  
Rather than accelerating, decelerating, and possibly discarding the habitation module 
for each leg of an interplanetary flight, a cycler system provides a reusable vehicle that 
once placed in orbit can shuttle crews and cargo between planets using very little fuel.  
A cycler is considered to be ballistic if once set in motion, the only maneuvers required 
are gravity-assisted flybys with physically realizable altitudes.  Typically, the main 
disadvantages of cyclers are the lengthy durations between successive interplanetary 
legs and the large hyperbolic velocities encountered at the planets. 
In order for a cycler trajectory to be exactly periodic, the relative geometry of all 
the associated bodies must also be periodic.  For this reason, true cyclers exist only in 
simple solar systems with perfectly repeatable geometries, and the period of a cycler 
must be an integer multiple of the synodic period of the associated bodies.  For non-
simple solar systems, approximated cyclers may be defined to exist as any sequence of 
planetary encounters with a total period that is near an approximate repeat time for the 
inertial positions of the planets.  As a result, solutions must be generated for several 
decades, making the rather large assumption that the basic pattern is repeatable.  In 
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general, it is desirable to propagate the trajectories for as long as possible.  The obvious 
extension is to use several cycles of a true cycler solution from the simple case as an 
initial estimate for a solution in the more complicated model.  This is the subject of the 
final main chapter of this dissertation. 
When referring to a simple model, the simplest possible is chosen: the circular-
coplanar solar system.  Although previous studies3,4 have shown limited success in 
finding true cyclers in a model that includes eccentricity and inclination, the additional 
complexity and lack of symmetry compels most researchers to use the circular-coplanar 
model first. 
In this simple model, the Earth and Mars move in circular and coplanar orbits 
around the sun.  When a spacecraft encounters the Earth, a zero-sphere-of-influence 
patched conic approximation is applied to simulate a gravity-assisted flyby.  Any flyby 
altitude greater than 200 km is considered feasible.  The simulated flyby 
instantaneously rotates the geocentric velocity of the spacecraft.  In this model, Mars is 
not capable of providing a gravity-assist flyby.  This is considered reasonable because 
the mass of Mars is approximately 1/9th that of the Earth.  More importantly, however, 
this allows all Earth-Mars transits to exist on Earth-Earth free-return trajectories, where 
a free-return is defined to be any trajectory that leaves a celestial body and ballistically 
re-encounters the same body at a later time.  Thus, an idealized free-return Earth-Mars 
cycler is defined to be a cycler in an ideal solar system that is composed of a sequence 
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of Earth-Earth free-return trajectories patched together with Earth gravity-assisted 
flybys. 
In this study, when looking for cyclers in a more realistic solar system, several 
of the prior assumptions remain valid.  Namely, the spacecraft still moves in Keplerian 
two-body motion around an inertially fixed sun, and flybys are modeled with the same 
instantaneous and zero radius sphere-of-influence patched conic technique.  However, 
flybys at Mars are included, and the positions of the planets are found using one of two 
methods.  In the first method, the planets move in Keplerian motion based on respective 
sets of orbital elements.  The elements can be chosen to reflect the simple circular-
coplanar model, the true mean motion of the planets, or any model in between.  The 
mean elements of the planets at J2000 are found in Ref. 5.  The second method locates 
the planets using JPL’s DE405 Ephemerides.6  The gravitational parameters of the sun 
and planets are taken from DE405, and the mean radius values used for Earth and Mars 
are 6378 km and 3397 km respectively. 
1.2 MOTIVATION 
The main purpose of this dissertation is to identify and catalogue useful Earth-
Mars cycler orbits.  The goal is to use Earth powered gravity-assisted flybys to connect 
generic, half-revolution, and full-revolution free-return orbits in a logical manner such 
that the patched trajectories are periodic, require realistic flybys, and encounter Mars in 
a simplified solar system.  Finally, approximate cycler orbits in a more realistic solar 
system are sought based on the idealized solutions in the circular-coplanar model.   
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It is left up to future researchers to interpret the feasibility of a complete 
interplanetary transportation system that utilizes the cycler concept.  Rather, the 
ultimate goal of the present study is to document useful and efficient techniques to 
search for the highly constrained cycler trajectories.  Furthermore, it is desirable to 
catalogue as many useful cycler trajectories as possible, both in the simple model and 
more accurate models. 
1.3 PREVIOUS RESEARCH ON CYCLERS 
The concept of a cycler trajectory, one that shuttles between two or more 
celestial bodies, is not new.  Several previous studies with favorable results have shown 
that many such trajectories exist, both ballistic and powered.   
 Hollister first introduced the concept of patching Earth free-returns to form 
cyclers in the 1960’s with several studies on Earth-Mars and Earth-Venus cyclers.  The 
free-returns can be categorized into three mutually exclusive categories: 1) Half-
revolution (odd-nπ) transfers,  2) Full revolution (even-nπ) transfers, and 3) generic 
(non-nπ) transfers also referred to as symmetric returns. 7 , 8   Hollister8, Rall3 and 
Hollister, and Menning4 and Hollister used non-linear search methods to find feasible 
combinations of 1π transfers, 2π transfers, and a limited class of generic returns.  
Although these studies were successful in finding several ballistic cyclers, the limited 
computational power restricted the search to a very localized portion of the solution 
space and no Earth-Mars cyclers were found with repeat times of less than four synodic 
periods.   
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Cycler interest was revitalized in the mid 1980’s and early 1990’s following the 
discovery of Niehoff’s VISIT9,10,11,12 cyclers and the Aldrin cycler1,13,14, named after its 
co-inventor, the well-known astronaut, Buzz Aldrin.   
Unlike most other cyclers, the VISIT class of cyclers have orbits that are 
intertially fixed and utilize resonance opportunities between the periods of the cycler, 
Earth, and Mars; and thus, require no flyby maneuvers at Earth or Mars. 
 The Aldrin cycler is a traditional near-ballistic cycler with a short repeat time.  
Over the past two decades, Aldrin has promoted the cycler concept (interplanetary and 
lunar) to both technical and non-technical audiences around the country including 
Congress, the media, universities, and professional conferences. 
More recently, several studies have investigated further the idea of constructing 
Earth-Mars cyclers using Earth free-returns patched with flybys. 15 , 16 , 17 , 18 , 19 , 20 , 21  
Reference 17 presents all cyclers consisting of a single generic return while Ref. 15 
investigates several cyclers using two non-identical generic returns patched by an Earth 
flyby.  Reference 16 shows solutions for two-synodic period cyclers with a single 
generic return patched with 1π half-year and 2π full-year transfers.   
Ref. 22  is a survey article discussing the benefits and drawbacks of cycler 
missions vs. traditional missions and the hybrid semi-cycler23 missions that use gravity 
assists at the Earth, but enter closed orbits around Mars.  Although ballistic cyclers are 
typically preferable to those requiring maneuvers, several studies have also considered 
the design and analysis of powered cyclers.14,15,18,24 
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Periodic constraints associated with cyclers restrict true solutions to exist only in 
simplified solar system models.  Therefore, the references mentioned above primarily 
focus on techniques to find solutions in a circular-coplanar model.  Additionally, Refs. 
3, 4, 8, 15, and 16 find corresponding ballistic solutions in an ephemeris model.  Refs. 
13, 15, and 18 include ephemeris model solutions that use impulsive or low-thrust 
maneuvers respectively when necessary.   
Ref 25  summarizes the current state of research on free-return cyclers and 
proposes a standard nomenclature for these complicated trajectories.  The nomenclature 
is designed to encompass the most general cases for transfers with all three types of 
transfer angles including interplanetary legs and free-returns to planets in non-circular 
orbits. 
An Earth-Mars cycler is a patched trajectory that is periodic in reference frames 
that have repeatable geometry every synodic period.  Although not identified in the 
literature as cyclers, some researchers have had success finding these orbits as periodic 
solutions to the circular restricted three-body problem (RTBP) when the mass of the 
secondary body (e.g. the mass of the Earth) is zero.  This method is termed as 
Poincar´e’s method of constructing “second species”26,27,28  periodic solutions.  It turns 
out that the cyclers documented in this dissertation could in fact be labeled as “second 
species” periodic orbits in the RTBP.   
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1.4 CONTRIBUTIONS 
In general, the current dissertation is a compilation of four stand-alone, but 
highly related papers dealing with free-returns and cyclers.  The first three studies were 
presented at AAS/AIAA conferences,19,20,21 and expanded versions were subsequently 
published in AIAA journals (or have already been technically reviewed and are 
currently in-press).29,30,31  The results from the fourth study will also be submitted to an 
archival journal in the near future.  In a collaborative effort with a similar research 
group at Purdue University, a fifth paper that outlines a formal nomenclature for cyclers 
is also currently in-press.25  In this dissertation, the four main topics will be unified into 
one broad treatise that sufficiently addresses its title: “Global Search and Optimization 
for Free-Return Earth-Mars Cyclers.”  The major contributions of each sub-study are 
discussed below. 
Reference 29 presents optimized solutions for all cyclers that use one or more 
identical generic returns patched by any combination of 1π half-year or 2π full-year 
transfers, including those discussed in Ref. 16 and Ref. 17.  The original method 
identifies twenty-four ballistic cyclers with periods of two to four synodic periods, 92 
ballistic cyclers with periods of five or six synodic periods, and hundreds of near-
ballistic cyclers, most of which are previously undocumented.   
Reference 30 outlines a systematic method to find all feasible nπ and generic 
returns following a ballistic flyby.  The solutions for arbitrary cases are derived and 
presented in an original graphically based method.  Additional insight is gained from an 
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original discussion on Lambert’s problem in the context of nπ transfers.  Based on the 
more generalized definitions for half and full-rev returns, several improved versions of 
the cyclers documented in Ref. 29 are presented. 
Depending on the methods discussed in Ref. 30, Ref. 31 uses combinatorics to 
exhaustively search the entire solution space of idealized Earth-Mars cyclers consisting 
of any combination of nπ and generic returns.  The generalized global approach is 
original, yet it encompasses most of the previous works in this area, identifying all 
useful idealized Earth-Mars free-return cyclers.  The results include 203 noteworthy 
cyclers with periods up to three synodic periods, including twenty-nine that use full-
revolution returns for the transit legs.  Again, most of the solutions are previously 
undocumented.   
The final main chapter addresses the obvious next step of searching for cyclers 
using a more accurate solar system model.  An original, efficient method that utilizes 
analytic gradients is developed to optimize long-duration, multiple-flyby, patched-
conic, ballistic trajectories with potential applications beyond Earth-Mars cyclers.  The 
method is applied to minimize powered requirements at every step of a continuation 
method that transitions the idealized solutions to accurate ephemeris solutions.  The 
algorithm is run for twenty-one launch windows for each of the cyclers presented in 
Ref. 31.  Over 4000 cases are examined, resulting in hundreds of ballistic launch 
opportunities for seven-cycle propagations of accurate ephemeris cyclers.  A total of 
twenty different parent cyclers are found to have an average total maneuver requirement 
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over all twenty-one launch windows of less than 100 m/s.  In general, the study 
demonstrates the broad feasibility for an entire class of accurate ephemeris cyclers.   
1.5 DISSERTATION ORGANIZATION 
Before discussing applications regarding cyclers, Chapter 2 gives necessary 
background information on the three types of  free-return trajectories and a method to 
calculate feasible solutions following a flyby with a given v∞.  Chapter 3 outlines a 
method to find and optimize a class of free-return cyclers limited to half-year half-
revolution returns, full-year full-revolution returns, and one or more identical generic 
returns.  These solutions include cyclers with total periods of up to six synodic periods.  
Chapter 4 outlines a completely different approach that solves the more general 
problem.  Because the solutions only include periods of one, two, and three synodic 
periods, the results encompass some but not all of the results presented in Chapters 3.  
Chapter 5 then gives a procedure to take the idealized solutions from Chapter 4 and find 
analogous solutions in a more accurate solar system.  Chapter 6 draws general 
conclusions and discusses options for future work.   
Appendix A discusses the dynamics of a translating, rotating, and pulsating 
reference frame that is convenient for the analysis and visualization of interplanetary 
cycler trajectories.  Appendix B provides algorithms for several combinatorics sub-
problems used in Chapter 4.  Lastly, Appendix C documents several ballistic or near-
ballistic fully reproducible accurate ephemeris cycler trajectories. 
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2 Free-Return Trajectories 
 
2.1 CHAPTER SUMMARY 
The purpose of this chapter is to systematically identify all feasible trajectories 
following a gravity-assisted flyby that immediately return to the flyby body with no 
intermediate maneuvers.  Every class of possible transfer angles is considered including 
even-nπ, odd-nπ, and generic return orbits.  Lambert’s Problem is solved for a desired 
time of flight range allowing the possibility for multiple spacecraft and celestial body 
revolutions.  The solutions are expressed geometrically, and the resulting velocity 
diagram is a mission-planning tool with potential applications that include cycler 
trajectories and planetary moon tours.  The generalized free-return solutions may be 




Free-return trajectories have been the subject of many studies in the wake and 
anticipation of taking humans back to the Moon and beyond.32 ,33 ,34  Proven to be 
invaluable during the Apollo missions, free-returns are useful for human exploration 
because they return to the original body, by design or as an abort option, without any 
powered maneuvers.  Free-returns are also useful on interplanetary missions or moon 
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tours when consecutive flybys of the same body provide the appropriate timing and 
gravity-assisted maneuvers necessary to reach the next destination.   
Half- and full-rev free-returns, orbits with a transfer angle that is an odd or even 
integer multiple of π respectively, are subsets of the general free-return transfer.  First 
termed by Hollister8, half- and full-rev returns were originally defined such that the 
spacecraft and the celestial body were limited to a 1π or 2π transfer respectively, and 
were used as stalling mechanisms in the construction of interplanetary cycler orbits.  
The half and full-rev returns are of particular interest because the solution space for the 
targeting problem significantly increases if the transfer angle is an integer multiple of π.  
The extra degrees of freedom make it possible to find free-return solutions that are 
further constrained by the matching v∞ conditions associated with gravity-assisted 
flybys.  This concept has been applied to missions involving the Moon,35,36 Jupiter,37 
Venus,4 and Mars.3,16,19  
Free-returns with transfer angles that are non-integer multiples of π are termed 
generic returns.19   Unlike the half or full-rev return, these non-resonant return orbits 
have no extra degree or degrees of freedom for a transfer with a given semi-major axis.  
However, because the multiple-revolution Lambert Problem has many solutions, there 
may exist several generic free-returns, each with a different semi-major axis, for any 
sufficiently large time of flight.    
 Similar to Uphoff et al, this paper develops equations that govern even- and odd-
nπ free-returns.37  Additionally, a detailed analysis using Lambert’s Equation provides 
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further insight into the behavior of the solutions.  Furthermore, a numeric method is 
presented to find all the generic returns that are feasible following a flyby. The solutions 
for the nπ and generic returns are then combined onto one velocity diagram to provide a 
general design tool for multiple-flyby missions. 
The first section gives an overview of Lambert’s multiple revolution problem 
with an emphasis on nπ transfers.  The next few sections outline methods to obtain 
semi-major axis values for full-rev, half-rev, and generic free-returns respectively.  In 
the full-rev case, two methods are presented: a simple derivation based on orbital 
periods and a second more complete discussion based on Lambert’s Equation.  In the 
half-rev and the generic case, Lambert’s Equation is used exclusively.  The following 
section discusses the terminal velocity vectors that initiate free-returns, and expresses 
the solutions on a common flyby velocity diagram.  Finally, conclusions are drawn in a 
general sense and in the context of the following chapters.   
2.3 LAMBERT’S PROBLEM 
This section gives an introduction to Lambert’s problem in general38 and in the 
context of nπ transfers.  The following sections will examine the application of 
Lambert’s Equation to nπ and generic free-returns in more detail.   
Half and full-rev returns are specific cases of the classic Lambert targeting 
problem when the transfer angle is an integer multiple of π and 2π respectively.  It is 
well known that these cases lead to singularities when computing terminal velocity 
vectors using standard approaches.  In order to understand the behavior of the solutions 
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at these singularities, it is useful to look at them in the limit as they approach half and 
full-rev returns.   
The sum of the two chords connecting any point on a given ellipse to its two 
respective foci is a constant.  From this familiar “tac and string” property, a diagram 
similar to that in Figure 2.1a can be drawn to find all vacant foci locations for elliptic 
transfers from r1 to r2 given any sufficiently large value for semi-major axis.   
 
Figure 2.1: Procedure to find vacant foci 
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The spheres centered at the tips of r1 and r2 are the locus of all vacant foci for 
ellipses of semi-major axis a, that contain the position vectors r1 and r2, respectively.  
The intersection of the two spheres is illustrated with a dotted circle in parts a and b. 
Note, in part c, the intersection is a sphere rather than a circle.  In the general case, if r1 
is not parallel to r2, then the transfer plane is defined by the two position vectors.  The 
intersection of this transfer plane and the dotted circle are the two points labeled as Fv1 
and Fv2.  These are the two vacant foci locations for elliptic transfers from r1 to r2 with 
semi-major axis a.  However, if the transfer angle is (2N+1)π, as is true for a half-rev 
return, then the transfer plane is no longer defined by the position vectors, and any point 
on the dotted circle on Figure 2.1b is a valid location for the vacant focus.  Due to the 
“tac and string” property, if the transfer angle is 2Nπ and r1≠ r2, then there is just one 
point of intersection between the two spheres, and the only transfers possible are on a 
rectilinear ellipse.  If the transfer angle is 2Nπ and  r1 = r2, as is true for a full-rev 
return, then the two spheres merge into one.  Thus, from Figure 2.1c, any location on 
the sphere of radius 2a-r is a valid location for a vacant focus.  In summary, there are 
only two vacant foci locations in the general case, one degree of freedom is required to 
specify the location for a half-rev return, and lastly, two degrees of freedom are required 
to specify the vacant focus location for a full-rev return. 
Figure 2.2a shows the four transfers on the two possible ellipses in the general 
case. Figure 2.2b and Figure 2.2c illustrate the transfers in the limit as they approach a 
half and full-rev return respectively.  Note, the angle, θ–2Nπ, is defined to always be 
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less than or equal to π.  Therefore, δ-2Nπ is always defined to be greater than or equal to 
π. 
 
Figure 2.2:  The four possible arcs of Lambert’s Equation for a given N 
 
Lambert’s theorem states that the time of flight connecting any two points on an 
elliptic orbit is a function only of its semi-major axis, the chord length between the two 
points, and the sum of the respective distances from the focus to the two points.  
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Equation (2.1) summarizes the Lagrangian formulation38 generalized to include multiple 
revolutions of the primary as defined in Figure 2.2a.  Equation (2.1) holds true for all 
four transfers shown in Figure 2.2.  The quadrant ambiguities associated with the angles 
α and β uniquely characterize each of the four arcs.   
µ π α β α βTOF a N fast slow fast slow= + − − + 
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Using Eq. (2.1), Figure 2.3 plots the time of flight, TOF, vs. semi-major axis for 
N = 0→9.  The input geometry for this plot is r1=r2=1 AU, θ=2Nπ + 4π /7.  The curves 
in Figure 2.3 represent direct solutions, or θ=2Nπ+4π/7 for this example.  A similar plot 
is obtained for the corresponding retrograde solutions using δ =2Nπ+10π/7.   
Notice the time of flight is double valued for each N due to the quadrant 
ambiguity in α0.  Each value of N has a fast and a slow transfer curve, corresponding to 
the lower and upper branches respectively.  The solution associated  with  α = α0 is 
termed “fast” while  the solution  associated with  α = 2π-α0 is termed “slow,” 
indicating a slow solution has a longer time of flight than a fast solution given two 
transfers with a common semi-major axis.  If r1 = r2, then trajectories associated with 
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the fast transfer curve initially approach perihelion, while trajectories associated with 
the slow transfer curve initially approach aphelion.  Also, for a transfer with a given 
semi-major axis value, the time of flight for the solution on the lower curve is less than 
the solution on the upper curve.  For these reasons, the terms fast and slow seem 
appropriate.  The literature is not consistent in naming the upper and lower branches.  
Other names, such as short and long, are often used, but can be confusing because it is 
unclear if they refer to time of flight or orbital period.   
 
Figure 2.3:  Example multiple revolution Lambert solution  
(r1=r2=1 AU, θ=2Nπ + 4π /7) 
 18
In a typical application of Lambert’s theorem, the time of flight is given and the 
corresponding values for semi-major axis are solved iteratively.  For a given geometry, 
an arbitrary time of flight has an associated NMAX.   For example, from Figure 2.3, a 
time of flight of 20 TU’s has an NMAX of 3.  Given r1, r2, θ, and TOF, an algorithm is 
developed to identify NMAX and systematically solve for each of the 2NMAX +1 
corresponding values of semi-major axis.  Because the algorithm is very similar to the 
procedure described by Prussing39, it is not explained in detail.   It uses standard root-
finding methods to bracket solutions and solve the transcendental equation for semi-
major axis.  When calculating terminal velocity vectors, a singularity exists if θ is any 
integer multiple of π because the transfer plane is undefined.  Half- and full-rev returns 
are subsets of these cases respectively.  The following sections will address further how 
to use Lambert’s Equation to find solutions for full-revolution returns, half-revolution 
returns, and generic returns. 
2.4 GENERALIZED FULL-REVOLUTION RETURN SOLUTIONS 
The generalized full-rev return is defined to be any trajectory that leaves a 
celestial body and returns directly to the same body after completing N revolutions of 
the primary while the celestial body completes M revolutions.   
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2.4.1 Expressions Based on Orbital Periods 
Because the times of flight for full-rev returns are simple integer multiples of a 
celestial body’s period, the governing equation of full-rev returns, Eq. (2.2), is derived 
by setting the times of flight for both the spacecraft and the celestial body to be equal.   
M a N aB F2 2








Solving for aF, the expression for the semi-major axis of a full-rev transfer 
becomes 
a a M NF B= ( )2 3  (2.3)
2.4.2 Additional Insight from Lambert’s Equation 
Equation (2.2) can also be derived directly from Lambert’s Equation.  The first 
step in deriving Eq. (2.1), shown in Eq. (2.4), is to subtract Kepler’s Equation applied to 
r1 from Kepler’s Equation applied to r2.  The angles α and β are alternate parameters 
that can be shown to be functions of E1 and E2.   
µ TOF a E E e E E= − − −( ) 3 2 2 1 2 1sin( ) sin( )  (2.4)
When r2 = r1, and consequently E2 = E1+2Nπ,  it becomes   
µ πTOF a N= [ ]3 2 2  (2.5)
Equation (2.5) is identical to Eq. (2.2) when a=aF and TOF is constrained to be M times 
the period of the celestial body.   
The general form of Lambert’s Equation gives additional insight to the problem 
when observing the solutions in the limit as r1 → r2.  Examining Figure 2.2a, as r1 → r2 
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and consequently θ→2Nπ+ and δ→2(N+1)π -, the attracting focus, the tip of the position 
vectors, and the two empty foci become collinear as seen in Figure 2.2c.  The only 
possible ellipse with a position vector directly between foci F and Fv2  is a rectilinear 
ellipse with e=1.  The only possible ellipse with foci F and Fv1  that contains r is one 
whose apoapse occurs at r, thus e=r/a-1.  Both solutions are shown in Figure 2.2c.  In 
the limit, the two position vectors are very close, but never exactly parallel, thus a 
transfer plane is defined, and the two vacant foci are unique, as illustrated in Figure 
2.2a.  The transfers approach those illustrated in Figure 2.2c, and properties of the 
solutions smoothly approach values as outlined in Table 2.1.  However, when r1 = r2 
exactly, the transfer plane is no longer defined, and the vacant focus can be anywhere 
on the sphere of possible locations, as seen in Figure 2.1c.  Thus, the rectilinear ellipse 
and the non-rectilinear ellipse in Figure 2.2c represent just two points on the vacant foci 
sphere.  Transfers 1 and 4 are specific cases of the solutions described by Eq. (2.2).  
However, transfers 2 and 3 are not described by Eq. (2.2) because the eccentric 
anomalies at the beginning and end of the transfers are different.  Examining Figure 
2.2a, as r1 → r2 , it is clear that Eo → Ef for transfers 1 and 4, but not for transfers 2 and 
3.  Expressions for these values, as well as other noteworthy properties for each of the 
four transfers, are given in Table 2.1.   
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Table 2.1: Properties of Lambert solutions in the limit  
     as r1 → r2   [θ→2Nπ+, δ→2(N+1)π -] 
 transfer 1 transfer 2 transfer 3 transfer 4 
transfer angle θ→2Nπ+ θ→2Nπ+ δ→2(N+1)π - δ→2(N+1)π - 
transfer ellipse period T  T T   T 
time of flight N T N T + ∆t (N+1) T - ∆t (N+1) T 
e r/a-1 1 1 r/a-1 
initial E π - E0 2 π – E0 π+ 
final E π+ 2 π – E0 E0 π - 
where    ,  E r a a t r a ar r0
1 12 4 2 2 2= − −( )  ∆ = − ( ) + −− −π πcos sin ( ) 2 32a T a , and   = π µ   
 
Every point on the vacant foci sphere has a direct and retrograde transfer, each 
with a time of flight equal to a normalized value of 2Mπ TU.  However, the point on the 
sphere that is exterior to and collinear with F and r has two additional transfers because 
its associated ellipse is rectilinear.  Equation (2.2) covers all the solutions such that Eo = 
Ef, including two of the four possible transfers on the rectilinear ellipse. The remaining 
two solutions on the rectilinear ellipse are transfers 2 and 3 as shown in Figure 2.2c 
where Eo ≠ Ef.  For a given value of aB, each set of M and N has an associated vacant 
foci sphere with radius 2aF - r.  The two transfers on each ellipse associated with every 
point on the vacant foci sphere in addition to the two rectilinear solutions such that Eo ≠ 
Ef comprise the set of all M:N resonant transfers with a common semi-major axis. 
In the limiting case when r1=r2, then c=0, α0=β0, and Eq. (2.1) simplifies  to  
Equations(2.6), (2.7), (2.8), and (2.9) respectively for transfers 1, 2, 3, and 4 shown in 
Figure 2.2c.   
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µ πTOF a N= 3 2 2  (2.6)
µ πTOF a N r a ar r a= +( ) − ( ) + − −3 2 1 22 1 4 2 2 2sin ( )  (2.7)
µ πTOF a N r a ar r a= + ( ) − − −3 2 1 22 4 2 2 2sin ( )  (2.8)
µ πTOF a N= +( )3 2 2 1  (2.9)
Eqs. (2.6) and (2.9) are identical to Eq. (2.5) except the N is phased by one in 
Eq. (2.9) because the transfer angle is δ rather than θ.  As an example, suppose it is 
desirable to traverse one revolution of the primary.  If transfer 1 is used, the associated 
N is one because the transfer angle, θ, approaches 2π+ and a full revolution is completed 
as r1 → r2 .  However, if transfer 4 is used, the associated N is zero because the transfer 
angle, δ, approaches 2π –, and a full revolution is not reached as r1 → r2. 
Figure 2.4 and Figure 2.5 plot the four  time of flight vs. semi-major axis  curves 
expressed in Eqs. (2.6)-(2.9) representing all four full-rev transfer arcs.  The plots were 
generated using canonical variables with µ=1 AU3/TU2, r=1 AU, and N=0→5.  Figure 
2.6 is the two prior figures plotted on the same axes.  Note that the transfer 1 curve is 
identical to the transfer 4 curve when N is phased by one, as evidenced from Eqs. (2.6) 
and (2.9).  Also, the values of the TOF(amin) and ∂TOF/∂a(amin) are equal for the 
transfer 2 and 3 curves when N is phased by one.  This is easily shown using Eqs. (2.7) 
and (2.8) and recognizing that amin=S/2. 
Figure 2.6 contains all time of flight and semi-major axis information for 
transfers that make 2Nπ revolutions of the primary.  More information is necessary to 
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pick out the specific transfers that leave and return to a particular celestial body.  
Clearly, the trajectory of the celestial body must also lie on one of the curves in Figure 
2.6.  Since a rectilinear ellipse is not a physically realistic solution, the trajectory of the 
body can only be a transfer 1 or transfer 4 curve.  A vertical dotted line is drawn at 
a=aB.  An example value of aB=1 AU is used in the figures.  The intersections of this 
vertical line with the transfer 1 and 4 curves locate the solutions that correspond to the 
trajectory of the celestial body.  The horizontal dotted lines are then drawn at each of 
the intersections.  Each integer multiple of the celestial body’s period is associated with 
a horizontal dotted line, corresponding to values of M in Eq. (2.2).  Finally, the 
intersections of the transfer lines with these horizontal lines represent specific semi-
major axis values that will yield orbits that return to the body after N revolutions.   
For example, there are five values of semi-major axis that yield non-rectilinear 
orbits that return after the celestial body makes two complete revolutions of the 
primary.  Examining Figure 2.6, the five values for semi-major axis are found by 
locating the intersections of the top horizontal dotted line with the transfer 1 and 4 




Figure 2.4:  Limit r1 → r2.   Lambert transfers using  θ. 
 
Figure 2.5:  Limit r1 → r2.  Lambert transfers using δ. 
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Figure 2.6:  Limit r1 → r2.  All Lambert transfers. 
 
2.5 GENERALIZED HALF-REVOLUTION RETURN SOLUTIONS 
The generalized half-rev return is any trajectory that leaves a celestial body and 
returns directly to the same body after completing N+1/2 revolutions of the primary.  
When N=0, the half-rev return is also known as a backflip36 trajectory.  Examining 
Figure 2.1b, when the transfer angle is (2N+1)π, any point on the dotted circle is a valid 
location for the vacant focus.  The alternate focus locations represent a rotation of the 
transfer orbit about the position vectors.  Thus, the shape of the transfer ellipse is fixed, 
but a free parameter is required to specify the transfer plane.   
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A simple expression similar to Eq. (2.2) is not available for the half-rev return 
because the times of flight are not simple multiples of the orbital periods.  Lambert’s 
Equation is necessary for the analysis.  In the limit as the transfer angle approaches 
2Nπ+π, as seen in Figure 2.2b, the first and second Lambert transfers become mirror 
images of the third and fourth respectively.  Similar to the full-rev discussion, the two 
vacant foci of the ellipses in Figure 2.2b correspond to specific opposing locations on 
the dotted circle in Figure 2.1b. 
µ πTOF a N r r a a r r r r a= + +( ) − − −( ) +( ) −3 2 1 1 2 1 2 1 22 2 2 2sin ( )  (2.10)
µ πTOF a N r r a a r r r r a= +( ) − +( ) + − −( ) +( ) −3 2 1 1 2 1 2 1 22 1 2 2 2sin ( )  (2.11)
 
Equation (2.1) simplifies to Eq. (2.10) for transfers 1 and 3, and simplifies to Eq. 
(2.11) for transfers 2 and 4.  The solution is indifferent to using the δ or θ direction 
because β0 = -β0 =0 in Eq. (2.1).  Figure 2.7 shows the time of flight vs. semi-major axis 
plots for a sample half-rev geometry using µ=1 AU3/TU2, r1 =r2 =aB =1 AU, and 
N=0→5.  In canonical terms, one revolution for the celestial body is 2π TU.  Thus, the 
vertical axis is labeled in celestial body periods.  In Figure 2.7, the semi-major axes that 
correspond to half-rev solutions are denoted by the intersections of the dotted lines and 
the transfer curves.  Note that r1 =r2, aB =amin, and the horizontal lines occur exactly at 
half periods, indicating the celestial body is in a circular orbit.  As an example, if a 
spacecraft leaves a celestial body at r1 and the time of flight is 4.5 celestial body 
periods, then there are nine semi-major axis values that yield transfers that will re-
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encounter the body at r2.  The two solutions from N=4 are more easily seen in Figure 
2.8.   
For the special case of aB > amin and r1 =r2, the celestial body must be in an 
elliptic orbit with its line of apses perpendicular to the terminal position vectors.  In this 
case, the vertical dotted line corresponding to aB should be moved accordingly in Figure 
2.7 and the procedure to find the half-rev solutions is similar to that described below 
when r1 ≠  r2. 
 




Figure 2.8:  Zoom view of the N=4 curve 
 
Figure 2.9 represents the more general case where r1 ≠  r2.  For this example, 
r2=0.45 AU and the other parameters remain unchanged.  Before identifying solutions 
that return to the body, it is necessary to specify whether the body is on a fast or slow 
path solution.  If the body is on a fast path, then the times of flight corresponding to 
half-rev returns are denoted by the intersections of the vertical dotted line, positioned at 
a=aB, with the fast transfer curves.  These intersections are marked with horizontal 
dashed lines, each with an associated value of M that increases with TOF.  If the body is 
on a slow path, the intersections of the solution curves with the horizontal dotted lines 
indicate the half-rev return times of flight.  Notice that successive dashed and dotted 
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lines are respectively spaced by the period of the celestial body.  The bottom dashed and 
dotted lines correspond to the M=0 fast and slow path solutions respectively.   
 
Figure 2.9:  Half-rev solutions,  |r1|≠ |r2| 
 
For example, from Figure 2.9, suppose the celestial body with aB=1 is on a fast 
path transfer, then there are seven M=2 solutions that return to the body.  The M=2 
solutions are marked by the dashed line with TOF=2.18 x 2π TU.  The two N=3 
intersections occur at a=0.73 and a= 0.75 AU.  The two N=2 intersections occur at 
a=0.86 and a= 1 AU.  Note the latter corresponds to the path of the celestial body.   The 
two N=1 intersections occur at a=1.11 and a= 1.60 AU.  Lastly, the one N=0 
intersection occurs at a=1.76 AU. 
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2.6 GENERIC FREE-RETURN SOLUTIONS 
Generic free-returns consist of all free returns that are not even- or odd-nπ 
transfers.  Suppose a celestial body is located at r1 along its orbit, as seen in Figure 2.2a. 
For sufficiently large times of flight, multiple generic return solutions exist, including 
the path of the body itself.  For a given 0 < θ < π, the input geometry, or δ, r1, r2, and c, 
can be easily calculated for the Lambert problem that connects the body’s initial and 
final positions.  Using these values, a plot similar to Figure 2.9 can be generated for 
each transfer angle using Eq. (2.1).  However, for the generic returns, the plot will have 
four distinct sets of solutions corresponding to transfers 1-4 as opposed to the two seen 
in Figure 2.9.  An example plot generated with θ =π/4,  r1 = r2 = 1 AU, and µ=1 
AU3/TU2 is given in Figure 2.10. 
The solutions using θ, or transfers 1 and 2, represent either direct or retrograde 
transfers, while solutions using δ, or transfers 3 and 4, represent the opposite, depending 
on the motion of the celestial body. A similar procedure as described above in the half 
revolution case is required to solve for all semi-major axis values that correspond to 
generic return solutions that initiate and terminate at a particular body.  The process can 
be repeated for every value of 0 < θ < π at any desired interval.  Each plot contains all 
solutions for θ +2Mπ and δ +2Mπ where M is any integer. 
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Figure 2.10:  Example generic return solutions 
 
2.7 FLYBY VELOCITY DIAGRAMS 
The previous sections provide methods to obtain semi-major axis values for all 
three types of free returns: full-rev, half-rev, and generic.  Based on these values, this 
section discusses the outbound velocity vectors required to initiate the free-returns, and 
expresses the solutions on three-dimensional velocity diagrams.    
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2.7.1 Full-revolution Velocity Diagrams 
If a spacecraft leaves a celestial body on an orbit with the semi-major axis aF, 
obtained from Eq. (2.3) or a plot similar to Figure 2.6, then it will return directly after it 
completes N revolutions.  Equation (2.12) is the vis-viva equation solved for spacecraft 
velocity magnitude.  Inserting Eq. (2.3) into Eq. (2.12) gives Eq. (2.13), and restates the 
constraint in terms of velocity magnitude.   
v r aF F= −2µ µ  (2.12)
v r N M aF B= − ( )2 2 3µ µ  (2.13)
Thus, if a spacecraft leaves a celestial body with the speed relative to the 
primary given by  Equation (2.13), then it will return after it completes N revolutions.  
The constraints described in Eqs. (2.3) and (2.13) are identical to the constraint that the 
absent focus must lie on the sphere of intersection from Figure 2.1c.  The scalar nature 
of Eq. (2.13) is significant because the direction of the velocity magnitude is 
unconstrained.  This provides a convenient method to parameterize the two degrees of 
freedom associated with full-rev returns.  Feasible values for N, M, r, µ, and aB are 
combinations such that vF from Eq. (2.13) is non-imaginary.  For fixed values of M, r, 
µ, and aB, N can vary from 1 to Nmax.    
If a celestial body with semi-major axis aB is located a distance r from the 
primary, then for a given M and N, the locus of all spacecraft velocity vector tips that 
initiate full-rev returns is a sphere.  The full-rev sphere is centered at the base of the 
body’s velocity and has a radius of vF.  If a spacecraft approaches a body with an 
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arbitrary hyperbolic speed and direction, the locus of all feasible points for the velocity 
after an unpowered gravity-assisted flyby is the surface of a sphere with radius v∞ 
centered at the tip of the body’s velocity.  This is the common three-dimensional 
velocity diagram for a gravity-assisted maneuver.  A sample diagram with these spheres 
is illustrated in Figure 2.11.   
Canonical units were used to generate the figure with µ=1 AU3/TU2, r = aB =1 
AU, N = 7, M= 4, and v∞= 0.5 AU/TU.  The right-handed coordinate system chosen for 
illustration and analysis of these diagrams is centered at the tip of vB with the z axis 
aligned with vB and the y axis opposed to the celestial body’s angular momentum 
vector.  The sphere centered at the base of vB is the full-rev sphere associated with Eq. 
(2.13).  The sphere centered at the tip of vB is the v∞ sphere.  The circle marks the 
intersection of the two spheres.   If v∞ + is located anywhere on this circle, the spacecraft 
and body will re-encounter after completing seven and four revolutions respectively.   
Figure 2.12 illustrates all of the full-rev spheres associated with M=4.  It is clear 
that nine of the full-rev spheres intersect with the v∞ sphere to form full-rev circles.  If 
v∞ + is located on any of the full-rev circles illustrated in Figure 2.12, then the spacecraft 
and body will re-encounter after the body completes four revolutions.  Nmax is eleven in 
this example.  However, all eleven spheres do not necessarily intersect with the v∞ 
sphere.  Equation (2.14) is a logical expression that must be true for an intersection to 
exist for a given vB, vF, and v∞ . 




Figure 2.11:  Full-rev velocity diagram,   N=7, M=4 
 
Figure 2.12:  Full-rev velocity diagram,   N=1→11, M=4 
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 The equation describing the surface of the v∞ and vF  spheres are given by Eqs. 
(2.15) and (2.16).  
x y z v2 2 2 2+ + = ∞  (2.15)
x y z v vB F
2 2 2 2+ + +( ) =  (2.16)
Eliminating x and y, Eq. (2.17) gives the z value for the full-rev circle of 
intersection. 
z v v v vF F B B= − −( )∞2 2 2 2  (2.17)
 
2.7.2 Half-revolution Velocity Diagrams 
The f and g functions are typically used to solve for the terminal velocity vectors 
on a transfer with a known value for semi-major axis.  However, singularities exist in 
these functions when the transfer angle is an integer multiple of π.  For full-rev returns, 
it was determined that the terminal velocity vectors can be located anywhere on a 
sphere with radius given in Eq. (2.13).  For a half-rev return, the components of the 
outbound terminal velocity vector are derived by Battin40 and expressed in Eqs. (2.18) 
and (2.19).   
v r r aHr
2
1 22 1= + −[ ]µ ( )  (2.18)




1 1 22= +( )  (2.19)
Figure 2.13 is a diagram of the velocity vector, vH, in the ecliptic plane that 
produces a half-rev return orbit.  The x axis of the primed coordinate system is aligned 
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with rB while the unprimed z axis is aligned with vB.  Because the transfer plane is not 
specified, vH can be rotated by any angle about rB and the resulting velocity vector will 
initiate a half-rev return.  Notice the squares in the component equations indicate double 
valued solutions.  If the solution is a fast transfer, then it initially moves toward 
periapse, thus the radial component of the velocity that initiates the return must be 
negative.  The opposite is true for a slow transfer.  Examining Figure 2.2b, it is clear 
that the two fast transfers, 1 and 3, have negative initial radial components for velocity.  
It is also clear that the two slow transfers, 2 and 4, initially move toward apoapse and 
have positive initial radial components of velocity.  For the transverse component, the 
positive and negatives values produce half-rev returns because the transfer plane is 
undefined.  The positive value, however, is used to reference the zero-point for the free 
angle that specifies the transfer plane.   
 
Figure 2.13:  Outbound velocity components for half-rev free-returns 
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Examining Figure 2.13, the rotation of vH about rB forms a cone.  The base of 
this cone, the half-rev circle, is the locus of all terminal velocity vector tips that lead to 
a half-rev return with a given semi-major axis.  Uphoff and Crouch36 refer to this cone 
as the “equal gamma cone.”   
Figure 2.14 is an example velocity diagram that contains a half-rev circle.  
Generated using information from Figure 2.7, it includes rB, vB, v∞-, the v∞ sphere, and 
the half-rev circle that corresponds to the slow N=2 solution with a time of flight of 3.5 
celestial body periods.  The slow N=2 curve from Figure 2.7 has a semi-major axis of 
1.18 AU when the time of flight is 3.5 periods.  Inserting this into Eqs. (2.18) and (2.19) 
gives vHr=0.153 AU/TU and vHθ=1 AU/TU.  Because a=1.18 AU is a slow solution, 
meaning it comes from the upper of the two N=2 curves, vHr must be positive.   
In general, the plane of any half-rev circle is perpendicular to rB. Particular to 
this example, the plane of the half-rev circle in Figure 2.14 is the y-z plane because the 
celestial body is in a circular orbit.  It is clear from Figure 2.13, that the directions of vHr 
and vHθ are aligned with the x and z axes respectively when the flight path angle is zero. 
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Figure 2.14:  Half-rev velocity diagram,   M=3.5, N=2 slow 
 
The v∞ sphere and the half-rev circle intersect at two locations, one below and 
one above the ecliptic plane, or the x-z plane.  They are marked with an ‘x’ and ‘o’ 
respectively.  These are the two feasible locations for v∞ + following an unpowered 
flyby that will initiate this particular half-rev return.  From Figure 2.13, in terms of the 
primed coordinates, the expressions describing the half rev circle are given by Eqs. 
(2.20) and (2.21). 
′( ) + ′ +[ ] =y z v vB H2 2 2cos( )γ θ  (2.20)
′ = −x v vHr B sin( )γ  (2.21)
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The v∞ sphere, expressed in the prime coordinates, is 
′( ) + ′( ) + ′( ) = ∞x y z v2 2 2 2  (2.22)
Solving for x′ ,y′, and z′ from Eqs. (2.20)-(2.22) gives the location of the two 
half-rev points of intersection.  The coordinates, expressed in the un-primed variables, 
are given in Eqs. (2.23)-(2.25). 
x v v K vHr B B= −[ ] + [ ]sin( ) cos( ) sin( ) cos( )γ γ γ γ2  (2.23)
y v v v K vHr B B= ± − −[ ] − [ ]∞2 2 2 22sin( ) cos( )γ γ  (2.24)
z v v K vHr B B= −[ ] − ( )sin( ) sin( )γ γ 2  (2.25)
where 
K v v v v v vHr B B H Hr= + −  − − + ∞2 1 2




Figure 2.15:  Half-rev velocity diagram,  M=3.5 
 
Continuing with the example, it is clear from Figure 2.7 that a time of flight of 
3.5 periods yields seven corresponding solutions for semi-major axis.  Thus, for this one 
time of flight, there are seven half-rev circles.  All seven are illustrated in Figure 2.15.  
The circles form a tube-like structure with a radius, vHθ, and centerline, rB.  Equation 
(2.19) indicates that vHθ is not a function of a or TOF.  Therefore, the diameter of the 
tube is a constant for a specified µ, r1, and r2.  For this example, it is clear that only 
three out of the seven circles intersect with the v∞ =0.5 AU/TU sphere.  For an 
intersection to exist, the y coordinate given in Eq. (2.24) must be non-imaginary. 
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2.7.3 Generic Free-Return Velocity Diagrams 
 The outbound terminal velocity vector for generic free-returns can be easily 
calculated using the f and g functions.38  As an example, the outbound velocity vectors 
are calculated for all generic free-returns with times of flight up to six celestial body 
periods for a body in a circular orbit.  Note, because the body is in a circular orbit, it is 
not necessary to specify its departure location along the orbit.  The multiple-revolution 
Lambert problem is solved at half-degree intervals and the coordinates for each 
resulting outbound velocity is recorded.  Only direct  (posigrade) solutions are included.  
All solutions corresponding to N=1, meaning the spacecraft makes between one and two 
revolutions of the primary are displayed in Figure 2.16.  
Note that all generic return solutions are in the ecliptic plane or x-z plane in the 
unprimed coordinate system defined in Figure 2.13.  The arbitrary v∞ sphere and the 
N=1 solutions intersect at the points denoted by the large dots.  Because the problem is 
solved at discrete half-degree intervals, the apparent lines are not continuous.  The 
solution properties of the intersection points are interpolated linearly between the two 
bordering points with the v∞ sphere.  Table 2.2 gives the interpolated results for the 11 
intersection points for this example.  The angular coordinate, ψ, denotes its location in 
the ecliptic plane on the v∞ sphere referenced to vB, with positive being aligned with rB.  
Figure 2.17 shows all possible generic return solutions for N values of 1…Nmax.  
The seventy-five intersection points for the example v∞ sphere are also shown.  The 
spacing between the points seen in Figure 2.17 is a function of the transfer angle 
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interval.  The half-degree interval was chosen to give good resolution, yet still illustrate 
that the lines are composed of many points.  In some regions of the velocity space, the 
point density is significantly less than others.  This indicates regions of less stable 
solutions, meaning the departure directions at Earth are more sensitive to the time of 
flight in these regions.  A more detailed analysis of the solution behavior in these 
regions is left to future work.  When solving for the intersection points, a transfer angle 
interval of 1/24 degree is used to decrease the probability that any solutions are skipped. 
Remember that each of the small dots represents a unique transfer with an 
associated time of flight, ψ, and semi-major axis.  These values are also interpolated 
when solving for the intersection points.   For each point, Figure 2.18 and Figure 2.19 
plot ψ as a function of v∞ , while Figure 2.20 and Figure 2.21 plot TOF as a function of 
v∞.  With this interpolation technique, all possible generic returns can be found for any 
value of v∞. 
Table 2.2:  N=1 generic return solutions 
# Ψ (deg) 







1 -139.5 0.899 0.540 + 1 
2 -96.33 1.571 1.245 - 1 
3 -81.04 2.406 2.146 - 1 
4 -73.19 3.336 3.114 - 1 
5 -68.37 4.299 4.099 - 1 
6 -65.06 5.276 5.090 - 1 
7 74.29 5.655 2.941 + 1 
8 78.20 4.621 2.433 + 1 
9 83.74 3.567 1.920 + 1 
10 92.73 2.469 1.392 + 1 
11 114.0 1.250 0.804 + 1 
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Figure 2.16:  N=1 solutions. TOF=0→6 flyby body periods 
 
 
Figure 2.17:  All Solutions N=1→15.  TOF=0→6 
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Figure 2.18:  Ψ vs.  v∞ for generic returns to a body in circular orbit. N=0→7. 
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Figure 2.19:  Ψ vs.  v∞ for generic returns to a body in circular orbit. N=9→15. 
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Figure 2.20:  TOF vs.  v∞ for generic returns to a body in circular orbit. N=0→7. 
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Figure 2.21:  TOF vs.  v∞ for generic returns to a body in circular orbit. N=8→15. 
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2.7.4 Flyby Diagrams Containing All Free-Return Solutions 
While Figure 2.12, Figure 2.15, and Figure 2.17, illustrate a few of the full-rev, 
half-rev, and generic free-return solutions, it may be desirable for a given value of of v∞, 
to obtain all free-return solutions including every possible combination of multiple 
revolutions by the spacecraft and the body.    Examining the figures with velocity 
diagrams, the radius of the v∞ spheres used for these examples is half the magnitude of 
the celestial body’s circular velocity.  This value was exaggerated intentionally for 
graphical purposes.  Typically it is more desirable to have significantly lower 
hyperbolic energy levels, thus the radius for a more realistic v∞ sphere may only be one 
tenth to one fourth of the body’s velocity.  Clearly, a v∞ sphere with a smaller radius 
will have fewer intersection locations for free-returns solutions.  An example diagram 
with a more realistic v∞ value is shown in Figure 2.22.  This map contains all possible 
locations for v∞+ following a flyby such that the spacecraft will return ballistically for 
times of flight up to six celestial body periods. 
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Figure 2.22:  Free-return solutions for |v∞|=0.1838 AU/TU 
 
Similar to the previous diagrams, Figure 2.22 was generated using a celestial 
body in a circular orbit.  It is a projection view of the v∞ sphere along the y axis, thus the 
full-rev circles appear as horizontal lines, and each set of the two half-rev points appear 
as an ‘x’ underneath an ‘o.’  The labels indicate time of flight in celestial body periods.  
The generic return dots are labeled directly while the half-rev points and full-rev circles 
are labeled along the top and to the right of the plot respectively.  The locations and 
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properties of each of the generic returns interpolated using the data from Figure 2.18 - 
Figure 2.21 are shown in Table 2.3. 
Note that one of the half-rev point sets and several of the full-rev circles have 
multiple labels.  This is only true in the zero-point patched conic model.  Using a more 
realistic model, a point on the velocity diagram can not yield a true free-return 
trajectory if there is an intermediate encounter.  Of course, in the real solar system, the 
radius of a celestial body’s sphere-of-influence is non-zero, thus it is impossible to 
perform a flyby with a turning angle of zero.  Consequently, v∞ must rotate during a 
flyby.  Technically, two consecutive half-rev returns on the same set of half-rev points 
are only possible in the realistic system if they are patched with a feasible flyby that 
rotates v∞ from an ‘x’ to an ‘o’ or vice versa.  Consecutive full-rev returns on the same 
full-rev circle are only possible if they are patched with feasible flybys and v∞- ≠  v∞+.  
For the purposes of this study, the zero-point patched conic model assumptions hold.  
However, when transitioning solutions from this simple model to a more realistic one, 
the comments above should be considered. 
In this example, the celestial body is in a non-inclined, circular orbit.  Thus, if a 
spacecraft leaves the body on an inclined circular orbit in the zero-point patched conic 
model, it will re-encounter the body every ½ revolution.  This is why the middle x/o set 
is labeled with each half-year.  Of course, this set also lies on the full-rev circle that 
corresponds to the celestial body’s semi-major axis.  
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For any value of v∞ , a velocity diagram similar to Figure 2.22 can be generated.  
The equations for the full-rev circles and the half-rev points are valid to find free-
returns to a celestial body in any elliptic orbit.   Remember, however, that the data in 
Figure 2.18 - Figure 2.21  must be regenerated in order to find the generic returns to a 
body in a non-circular orbit. 
Table 2.3:  Details of generic return solutions in Figure 2.22 
# Ψ (deg) 








 # Ψ (deg) 








1 -158.6 5.944 0.668 + 8  21 24.15 5.925 1.996 + 2 
2 -158.2 3.943 0.669 + 5  22 24.31 3.924 1.994 + 1 
3 -157.0 1.939 0.671 + 2  23 24.79 1.922 1.988 + 0 
4 -139.9 4.882 0.718 + 6  24 46.61 4.837 1.659 + 2 
5 -131.0 5.843 0.754 + 7  25 56.97 5.784 1.492 + 3 
6 -130.1 2.838 0.758 + 3  26 57.50 2.781 1.484 + 1 
7 -120.4 3.783 0.809 + 4  27 68.53 3.707 1.318 + 2 
8 -115.0 4.745 0.842 + 5  28 74.52 4.658 1.236 + 3 
9 -111.5 5.718 0.866 + 6  29 78.31 5.623 1.188 + 4 
10 -93.07 5.534 1.022 - 5  30 97.52 5.417 0.979 + 5 
11 -92.58 4.529 1.026 - 4  31 98.03 4.411 0.974 + 4 
12 -91.80 3.520 1.034 - 3  32 98.84 3.403 0.967 + 3 
13 -90.40 2.504 1.049 - 2  33 100.3 2.387 0.954 + 2 
14 -86.96 1.466 1.086 - 1b  34 104.2 1.348 0.921 - 1 
15 -72.55 5.325 1.263 - 4  35 117.6 5.236 0.825 - 6 
16 -66.53 4.278 1.347 - 3  36 123.3 4.199 0.792 - 5 
17 -55.51 3.208 1.515 - 2  37 133.5 3.145 0.743 - 4 
18 -45.64 5.158 1.674 - 3  38 141.8 5.111 0.711 - 7 
19 -23.39 4.073 2.006 - 2  39 160.5 4.051 0.665 - 6 
20 -22.95 2.071 2.011 - 1  40 161.6 2.048 0.663 - 3 
a the ‘+’ or ‘-’ indicates a slow or fast solution respectively.   
b the second of two solutions on the same lower branch for the associated TOF. 
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2.7.5 Numerical Considerations and Velocity Diagram Generation 
 The solutions for the full-rev returns are analytic.  Equation (2.17) gives the z 
coordinates for all full-rev circles as a function of vB, v∞, and vF, where all feasible 
values of vF are found from Eqs. (2.13) and (2.14).  Thus, the full-rev circles on a 
velocity diagram are generated by plotting the circles described by Eq. (2.15) and 
feasible values of z. 
 The solutions for the half-rev returns are both numerical and analytic.  They are 
numerical in the sense that an iterative procedure is required to solve a Lambert 
problem to obtain the semi-major axis of the transfer orbit.  A previous section 
describes this problem in great detail.  A variety of techniques are available that 
efficiently find all feasible solutions with accuracies on the order of machine 
precision.39,41  Once the transfer semi-major axis values are known, solving for the half-
rev returns with a given v∞ is analytically found using Eqs. (2.18), (2.19), and (2.23)-
(2.25).  Each valid semi-major axis leads to a pair of coordinates, and all non-imaginary 
pairs are the feasible half-rev solutions.  These coordinates are plotted on the velocity 
diagrams as above and below plane ‘o’s  and ‘x’s. 
 Unlike the half- or full-rev return solutions, the generic return solutions are 
entirely numerical in origin.  As explained in detail, a Lambert problem is solved to find 
all free-returns to a celestial body at discreet time intervals up to a desired maximum 
time of flight.  The solutions are then separated into common bins according to number 
of revolutions and whether they are ‘fast’ or ‘slow.’  Example properties of these 
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families of solutions are given in Figure 2.18 - Figure 2.21.  As the figures indicate, 
each family may contain several distinct sub-families of solutions.  Each sub-family is 
sorted according to v∞  and finally,  the generic returns for a given v∞  are found via 
interpolation.  It is critical that the two neighboring interpolation points exist on the 
same sub-family of solutions, otherwise, the result is not valid.  Thus, caution is advised 
when distinguishing between sub-families of solutions. 
In the limit as the time interval used to generate the original list of solutions 
goes to zero, the probability of skipping a solution and the error in the interpolation also 
approaches zero.  The time interval used for this study is chosen to be sufficiently small 
such that decreasing the value does not increase the number of generic solutions found 
for arbitrary values of v∞.  This interval is then further reduced to provide additional 
confidence that no solutions are skipped.  The final value chosen, approximately a half-
hour interval, provides over 180,000 solutions over a six year time period.  Thus, in 
order to find all generic returns with a given v∞, an algorithm must sift through a non-
trivial number of data points.  The tips of the vout vectors of the final solutions are 
plotted on the velocity diagrams as generic return ‘dots.’   
The accuracy of the final linearly interpolated solutions can be greatly improved 
by using them as initial guesses in a one-dimensional solver that fixes v∞ and iterates on 
TOF and ψ in a Keplarian integration until the trajectory re-encounters Earth to a 
desired tolerance.  Thus, similar to the half-and full-rev returns, the accuracy of these 
final generic return solutions is also on the order of machine precision. 
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2.8 CHAPTER CONCLUSIONS 
This chapter defines and gives solution characteristics for each type of free-
return trajectory: the half-rev (odd-nπ) return, the full-rev (even-nπ) return, and the 
generic return.  The semi-major axis values for the even-nπ free-return transfers, or full-
rev returns, are derived both with a simple approach and taking the limit as r1 
approaches r2 in Lambert’s problem.  Several interesting properties of the Lambert 
solutions are noted including the obviously impractical rectilinear ellipse solution.  The 
semi-major axis values for the odd-nπ and the generic free-return transfers can only be 
found using Lambert’s Equation because the times of flight are not integer multiples of 
orbital periods.   
In velocity space, all solutions for a given half-rev return are shown to lie on a 
set of constant-diameter circles forming a tube, while all solutions for a given full-rev 
return are shown to lie on multiple concentric spheres.  The solutions for the generic 
returns are shown to lie on a series of non-uniform arcs in the ecliptic plane.  
Intersections of these lines and surfaces with the flyby sphere of constant v∞ identifies 
the half-rev points, full-rev circles, and generic return dots of intersection that lead to 
potential free-return transfers following a flyby.  The equations for the locations of the 
full-rev circles and sets of half-rev points are derived, and a numerical method is 
outlined to find the locations for all generic return dots.  
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When including the possibility of multiple body and spacecraft revolutions, the 
final result is the common three-dimensional v∞ sphere with a surface marked by all 
feasible free-return solutions.  The generation of such a diagram is straight-forward, 
based on the geometry of the celestial body’s orbit and the hyperbolic energy of the 
spacecraft.  These diagrams are useful mission design tools for any application 
requiring consecutive flybys of the same body.  In particular, the two following chapters 
will use similar diagrams in an effort to construct Earth-Mars cyclers using patched 
Earth-Earth free-returns.   
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3 Idealized Free-Return Cyclers Composed of π Transfers, 
2π Transfers, and One or More Identical Generic Returns 
 
3.1 CHAPTER SUMMARY 
In this chapter a procedure for constructing idealized Earth-Mars cycler orbits in 
a simple solar system is presented.  Solutions from the multiple revolution Lambert 
problem are utilized to find free-return Mars trajectories.  Multiple combinations of 
these generic return orbits are patched to sequences of 2π full- and 1π half-rev return 
orbits with Earth-generated gravity-assisted maneuvers.  An algorithm is developed to 
find all useful combinations of these free-returns that have a combined period of any 
integer multiple of the synodic period.   Given a sequence of free-returns, an analytic 
procedure is then developed to minimize the maximum of all the turning angles 
associated with the flybys necessary to maintain and re-initiate the cycler.  The method 
identifies twenty-four ballistic cyclers with periods of two to four synodic periods, 
ninety-two ballistic cyclers with periods of five or six synodic periods, and hundreds of 
near-ballistic cyclers, where a ballistic cycler is defined to be one that requires no 
powered maneuvers to maintain and has realistic turning angles with respect to the 
surface of the Earth.  These resulting orbits have diverse characteristics that could 
benefit a variety of potential missions.  While the method finds several known idealized 




Recent work by McConaghy, Longuski, and Byrnes17 found several cycler 
trajectories using single generic return orbits and one cycler using two different generic 
returns.  Byrnes, McConaghy, and Longuski16 showed that energy characteristics of a 
particular two-synodic period cycler could be considerably improved by including half 
and full-rev returns.  The work presented in this chapter significantly expands on the 
methods used in these studies to form one non-iterative method that scans a much larger 
defined solution space to identify and classify cycler orbits.  Namely, the new method 
finds and optimizes all idealized cyclers composed of 2π -full-rev returns, 1π half-rev 
return returns, and one or more identical generic returns.   
A few specifics about the simplified solar system model are discussed first, 
followed by a section with specific comments on the three types of free-returns used in 
this chapter.  The following two sections discuss the construction of a cycler using one 
generic return and any combination of half or full-rev returns.  The free parameters 
associated with each intermediate flyby are then discussed, and a method is outlined to 
minimize the maximum required turning angle.  The next section presents the logic 
associated with including multiple generic returns, followed by a summary of the 
algorithm, and finally, the results and conclusions.   The method reveals many ballistic 
and near-ballistic cyclers with a variety of time and energy characteristics.  Included in 
the results are several previously documented near-ballistic cyclers.  These are the 
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Aldrin cycler1,13,14, the single generic return cyclers presented by McConaghy et al17, 
and the two-synodic period cyclers presented by Byrnes et al.16   
In the context of this chapter, the naming convention for the cycler orbits are of 
the form p.h.s.i, where the letters represent four numbers that uniquely identify a class 
of cyclers.  For example, a cycler of the class 4.3.2.-5 has a period of 4 synodic periods, 
includes 3 half-years allotted for full or half-rev returns, and includes 2 generic returns 
that complete 5 revolutions.  The negative sign indicates the solution for the generic 
return is from the lower solution curve of the two associated with the five revolution 
Lambert’s problem.   
Table 3.1:  Possible combinations for free-returns for a cycler with h=3 and s=2 
Number Sequential Combinations  
1 generic → generic → half-rev → full-rev 
2 generic → generic → half-rev → half-rev → half-rev 
3 generic → full-rev  → generic → half-rev 
4 generic → half-rev → generic → half-rev → half-rev 
 
 
Cyclers associated with a particular p.h.s.i constitute a class of cyclers because 
there are an infinite number of patched trajectories that share these qualities.  The order 
of free-returns and the distinction between full and half-rev is not specified in the 
naming convention.  Table 3.1 shows the four different combinations possible for the 
order of the free-returns for the example given.  Additionally, there are free parameters, 
as described in Chapter 2, associated with each of the flybys that patch the free-returns.  
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Therefore, a cycler of the class 4.3.2.-5 is uniquely described if the order of the free-
returns and all associated free parameters are specified.  An algorithm is developed to 
choose this order and these free parameters such that the required maximum turning 
angle of all the flybys is minimized given any feasible p.h.s.i class of cyclers.  The 
resulting optimized patched trajectory is referenced as  Cycler p.h.s.i.  The goal then, is 
to apply the algorithm to the entire solution space of feasible ranges for the variables p, 
h, s, and i.  The fixed characteristics of the optimized Cyclers are then analyzed and 
compared.  Of particular interest are the resulting cyclers that are entirely ballistic.  
Once set in orbit, ballistic cyclers use physically feasible flybys and require no powered 
maneuvers to maintain.   
3.3 SIMPLIFIED SOLAR SYSTEM 
The method discussed in this chapter assumes the solar system is simplified as 
stated in Section 1.1.  In addition, Mars is assumed to be in an orbit with a period of 
1.875 yrs.  This period is chosen such that the absolute geometry repeats every 15 yrs.  
This value is used to be consistent with previous studies16,17 and for verification 
purposes.  This value could be changed to 1.8801 yrs., the true period of Mars, and have 
little effect on the results of the chapter.  Remember, as stated in Chapter 1, a simplified 
model is necessary because the relative geometry of Mars and Earth must repeat exactly 
for a perfectly periodic cycler to exist. 
Canonical units are used for calculations and defined such that µsun=1 AU3/TU2.  
The derived time conversion is 1 TU= 58.1324409 days.  The astronomical unit 
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definition, 1 AU =149597871 km, and Earth’s gravitational parameter, µearth = 
3.00348960E-6 AU3/TU2, are taken from JPL’s DE405 Ephemerides.6   
In this circular-coplanar zero-point patched conic model, it is assumed that a 
very minor correction maneuver can be applied to the spacecraft at a great distance to 
target any altitude for an Earth flyby.   
3.4 FREE-RETURN TRAJECTORIES 
Earth-Mars transfers and Earth loitering orbits can both be constructed using 
Earth free-return trajectories.  A loitering orbit is defined to be a trajectory that leaves 
the Earth on a free-return transfer in order to wait for an appropriately timed flyby 
without performing a powered maneuver.  The loitering orbits are important because the 
total period of a cycler is constrained to be an integer multiple of the synodic period.  If 
a spacecraft encounters the Earth prior to the necessary planetary alignment, a free-
return may be used to re-encounter the Earth at a later time when the alignment is 
correct.  If the altitudes of the required Earth flybys are physically possible, the loitering 
maneuvers require no fuel.   
Free-return trajectories are defined and discussed in detail in Chapter 2.  The 
definitions and equations from Chapter 2 are general to allow for the departure and 
arrival celestial body to be in an arbitrary elliptic orbit.  For the purposes of this chapter, 
the celestial body of interest is the Earth, and it is assumed to be in a circular orbit.  
Thus, appropriate simplifications can be made to the equations and solution methods 
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presented in Chapter 2.  The three types of free-returns are the half-rev, full-rev, and 
generic returns.  A review of these three types are illustrated below in Figure 3.1. 
 
Figure 3.1:  Three types of free-returns 
 
3.4.1    2π Full-Revolution Returns 
This chapter uses a class of full-revolution returns limited to full-year 2π 
transfers only.  The more general M-year 2Nπ transfers will be included in the search 
for cycler orbits in Chapter 4.  Similar to Figure 2.11, Figure 3.2 illustrates an example 
flyby velocity diagram containing the full-year 2π full-rev sphere and its associated full-
rev circle.  The profile view is added for clarity.  See Section 2.7.1 for a general 
description of velocity diagrams that include full-rev returns. 
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Figure 3.2:  Flyby velocity diagram including potential 1π half-rev and 2π full-rev 
free-return transfers. 
 
3.4.2    1π Half-Revolution Returns 
Similar to full-rev returns, this chapter uses a class of the half-rev returns limited 
to half-year 1π transfers only.  This restricted class is also referred to as backflip 
trajectories.16,36  These transfers have the same semi-major axis as the departure planet, 
but have an arbitrary inclination.  Figure 3.1 shows the spacecraft coming out of plane 
and re-encountering the Earth on the other side.   
The more general M half-year (2N+1)π transfers will be included in the search 
for cycler orbits in Chapter 4.  Similar to Figure 2.14, Figure 3.2 illustrates an example 
flyby velocity diagram containing the 1π half-year set of half-rev points.  See Section 
2.7.2 for a general description of velocity diagrams that include half-rev returns. 
In the real solar system, the radius of a planet’s sphere-of-influence is, of course, 
non-zero.  Thus it is not possible to perform a flyby with a turning angle of zero.  
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Consequently, the v∞ vector must rotate during a flyby.  Thus, if two consecutive half-
revs are desirable in the real solar system, since the turning angle required to transfer 
from the top ‘X’ to the bottom or vice-versa is infeasible, the only option is to 
approximate two consecutive half-revs.  On the velocity diagram, if a point on the full-
rev circle near but not on the ‘X’ is targeted, then the spacecraft will return after one 
year.  After a half-year, the spacecraft will be near the Earth but will not encounter it, 
thus reducing the effect of the Earth’s gravity.  Note that a flyby can patch two 
consecutive full-rev returns in the realistic solar system if v∞- ≠ v∞+, both vectors are on 
the full-rev circle, and the turning angle is feasible.   
3.4.3 One or More Identical Generic Free Returns 
A generic return, as seen in Figure 3.1, and discussed in detail in Sections 2.3, 
2.6, and 2.7.3, is characterized by an arbitrary time of flight and a transfer angle that is a 
non integer multiple of π.  The transfer is therefore limited to be co-planar with the 
Earth.  This transfer has also been called a symmetric return because the departure and 
arrival points are symmetric with respect to the line of apses if the planet is in a circular 
orbit.7   
The s generic free-returns in a given cycler of the form p.h.s.i, by definition, 
have identical geometric properties and times of flight.  Equation (3.1) is an expression 
for this time of flight in years.  It constrains the total period of the cycler to be p synodic 
periods.  This timing constraint ensures the repeatability of the relative geometry 
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In order for a cycler to be ballistic, every flyby connecting two legs must have 
matching v∞’s.  From Figure 3.2, it is clear that the terminal v∞’s from the initial generic 
return and all half and full-rev returns match.  If additional generic returns are included, 
one method to ensure matching v∞’s is to constrain all generic returns to be identical.  
However, for a cycler with multiple different generic returns, it is possible to search for 
departure and flyby times that give common terminal v∞ values for each of the returns.  
This technique has been used successfully to find several cyclers with two generic 
returns17 and will be used more extensively in Chapter 4.  The method discussed in this 
chapter avoids the search variables by simply considering only identical generic returns. 
3.5 CYCLERS WITH ONE GENERIC RETURN 
3.5.1 Preliminaries 
This section discusses the construction of cyclers that include one generic return. 
Each cycle consists of a generic return followed by any combination of 1π half or 2π 
full-rev returns.  In order to repeat a cycle, the generic return must be re-initiated 
following the last leg of the previous cycle.  The conditions required for this re-
initiation are discussed below.   
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Figure 3.3:  Conditions required to re-initiate generic return trajectory 
 
Figure 3.3 shows an example of the geometry required to re-initiate a generic 
return trajectory using no intermediate returns.  The heliocentric spacecraft velocities at 
Earth departure and arrival are v1+ and v2- respectively.  Due to symmetry, the 
magnitudes of these vectors are equal, and the orientation of v2- with respect to ve2 is a 
mirror image of v1+ with respect to ve1.  The velocity required to re-initiate an identical 
generic return is v2+.  Thus, it is clear that the required heliocentric turn angle is 2Ω.  At 
t2, it is also clear that v∞- and v∞+ are coplanar with the Earth’s orbit.   These conditions 
apply for the re-initiation of any identical generic return trajectory.  The mirror image 
symmetry can also be seen in Figure 3.4. 
 66
 
Figure 3.4:  Velocity diagram of a gravity-assisted flyby  
that re-initiates a generic return 
 
If only one flyby is used, Figure 3.4 indicates that a planar ∆v is required to re-
initiate the generic return.   Alternatively, if the timing is not constrained, one or more 
full-rev free-returns can be performed prior to the re-initiation of the generic return.  
This is possible because the geometry of the velocity diagram remains the same before 
and after a full-rev return.  In order to enter a full-rev free-return orbit, the tip of the 
intermediate v∞ must lie somewhere on the intersection of the two spheres on the full-
rev circle.  Figure 3.5a shows an example that uses an intermediate full-rev return 
requiring two flybys to re-initiate the generic return.  The geocentric velocity at the 
arrival location on a generic return is v∞1-.  The first flyby requires a turn angle of ω1 in 
order to place the spacecraft on a full-rev free-return orbit.  If no powered or gravity-
assisted maneuvers occur, in the simple model stated, the Earth and spacecraft will 
return to this location with the same heliocentric velocities each year.  As a 
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consequence, the velocity diagram remains unchanged at the time of the second flyby, 
thus v∞1+ = v∞2-, and a turn angle of ω2 is required to achieve v∞2+, thus re-initiating the 
generic return.  Figure 3.5b is a similar example requiring three flybys and two 
intermediate full-rev return orbits.  In these examples, the exact positions of the 
intermediate v∞’s on the dotted full-rev circle are chosen arbitrarily.  A following 
section will discuss a method to optimize the selection of these locations.  
 




Figure 3.6:  Gravity-assisted velocity diagram with 1π half-rev return 
 
Consider the example shown in Figure 3.5a, however choose the location of the 
intermediate v∞ to be the half-rev ‘X’ above the plane of the paper.  This is illustrated in 
Figure 3.6a.  Following the first flyby with a turn angle of ω1, the spacecraft enters a 
half-rev return trajectory.  Again, for the assumed simple model, if no powered or 
gravity-assisted maneuvers occur, the spacecraft will encounter the Earth after every 
integer multiple of a half-year.  If the next gravity-assisted maneuver occurs after an 
even number of half-revs, then the velocity diagram after the transfer is identical to that 
of a full-rev return.  However, if it occurs after an odd number of half-revs, then the 
velocity diagram changes.  This is illustrated in Figure 3.6b. After an odd number of 
half-revs, ve, not shown in Figure 3.5 and Figure 3.6 but shown in Figure 3.4, switches 
directions.  Also, the geocentric velocity at the beginning of the half-rev return is 
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opposite of that at the end, or  v∞1+ = -v∞2-.  A turn angle of ω2 is required to achieve 
v∞2+, thus re-initiating the generic return.  Due to symmetry, it is clear that ω1 = ω2 for 
this example.  Figure 3.7 combines the two separate diagrams of Figure 3.6 into one by 
fixing the direction of ve and aligning the respective top and bottom half-rev ‘X’s.  This 
is equivalent to rotating the diagram in Figure 3.6b by 180° about an axis perpendicular 
to the plane of the paper (also the Earth’s orbit), then overlapping the two diagrams.  
The profile view is included for clarity.  
 
Figure 3.7:  Velocity diagram of a 1π half-rev return with ve fixed 
 
3.5.2 Turn Angle Optimization 
Thus far, this section has demonstrated how to re-initiate a generic return 
utilizing gravity-assisted Earth flybys that may include full or half-rev return orbits.  As 
mentioned previously, a free parameter is associated with each full-rev return.  
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Additional parameters that are constrained but not fixed are the number of flybys before 
re-initiation.  For example, if a spacecraft is departing Earth on a 2π full-year return 
orbit and needs to wait three years before re-initiating, should the spacecraft use a 
gravity-assisted flyby at each of the following Earth encounters, or wait until the third 
encounter?  This is addressed by solving the following optimization problem: 
Minimize the maximum required turning angle necessary to 
re-initiate a given generic return orbit using any sequence of 
2π full or 1π half-rev returns subject to the constraint that 
exactly hj half-years elapse before the re-initiation. 
Note that the goal is to minimize the maximum required turn angle not the sum 
of the required turn angles.  This is chosen because the primary focus is to find ballistic 
cyclers.  It is acknowledged, in some cases, that a powered cycler23,24 in the simplified 
or real model may benefit from minimizing the sum rather than the maximum of the 
required turning angles. However, the difference is immaterial if searching for ballistic 
cyclers in a simple model.  
If hj=0, the only option is to immediately re-initiate using one flyby as shown in 
Figure 3.4.  If hj=1,  the only option is to use a half-rev return intermediate flyby before 
re-initiating as shown  in Figure 3.7.  It is arbitrary whether the above or below plane 
maneuver is used.  Note that the choice is only arbitrary in the simple model stated.  If 
the v∞ is out of plane or the Earth’s orbit is non-circular,  the flybys that initiate the 
above and below plane half-revs may differ significantly.  If hj=2, the options are two 
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half-rev returns or one full-rev return.  In the case of using one full-rev return, due to 
the geometry, the maximum turn angle is minimized if the two turn angles are equal.  
This serendipitously occurs only if the intermediate v∞ terminates at the half-rev ‘X.’  
This is identical to the case of using two half-rev returns.  Thus, only two flybys are 
required when hj=2.  If hj=3, the options are to use three half-revs, or one half-rev and 
one full-rev return.  In either case, it is required to have at least one flyby with a turn 
angle equal to that required when hj=1.  It is decided to choose the option that requires 
fewer flybys in cases when additional flybys do not reduce the maximum required 
turning angle.  Therefore, when hj=1, 2, or 3, two flybys are required (fj=2), one to 
navigate v∞ from the initial location to the half-rev ‘X,’ and one to navigate it to the 
final re-initiation location.  A similar argument can be made for hj ≥  4.  This is 
summarized in Table 3.2. 
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Table 3.2:  Optimal number of flybys necessary to re-initiate a generic return 






t2- t1= ½ 
2 2 
 
t2- t1= 1 
3 2 same as hj =1 t2- t1= 3/2 
4 3 
 
t2- t1= 1 
t3- t2= 1 
5 4 
 
t2- t1= 1 
t3- t2= 1/2 
t4- t3= 1 
6 4 
 
t2- t1= 1 
t3- t2= 1  
t4- t3= 1  
7 4 same as hj =5 
t2- t1= 1  
t3- t2= 3/2 
t4- t3= 1  
8 5 
 
t2- t1= 1  
t3- t2= 1  
t4- t3= 1  







hj even hj/2 + 1 
 
 tk-tk-1 = 1                           k = 2...f 
hj odd 2{INT(hj/4 + 1)}  
tk-tk-1 = 1                           k = 2...(f /2) 
tk-tk-1 = (1/2) MOD(hj,4)   k = f/2+1 




Once the number of required flybys is known, it is desirable to space them along 
the full-rev circle in such a manner that the maximum turn angle is minimized.  Looking 
at Figure 3.4, define a spherical coordinate system using latitude and longitude for the 
sphere of radius v∞.  The origin of the coordinate system is the center of the sphere.  The 
associated z-axis is aligned with ve making the full-rev circle a line of constant latitude.  
The x-axis is defined such that v∞- has a positive x component and no y component.  
Figure 3.8 illustrates this coordinate system with an example that requires five flybys 
(fj=5) to re-initiate the generic return.  This coordinate system is also used in Section 2.7 
 
Figure 3.8:  Turn angle optimization for a re-initiation that requires five flybys 
 
The smallest turn angle that ensures a full-rev free-return is the flyby that moves 
v∞1- in the x-z plane along the zero longitude line to the full-rev circle.  This angle, ωMIN, 
is found from Eq. (3.2) and is illustrated in Figure 3.8a.  
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ω φ φ φ φMIN FR GR FR GR= +( )−cos cos cos sin sin1  (3.2)
Depending on the magnitude of this minimum turn angle, there are two cases to 
consider.  If v∞1- is sufficiently far from the full-rev circle, as seen in Figure 3.8a, then 
ωMIN is the minimized maximum turn angle.  However, if v∞1- is sufficiently close to the 
full-rev circle, as seen if Figure 3.8b, then a unique longitude exists, 0 < λ < π/2, such 
that the turning angle, ωb, is equal for all five flybys.  In this case, ωb  is the minimized 
maximum turn angle.  
The latitudes of the full-rev circle and the generic return geocentric velocity 
vectors are given by Eqs. (3.3) and (3.4).  Equation (3.3) can be derived from Eq. (2.17) 
when vF =vB and vB =ve, as is the case for a 2π full-rev return to the Earth. 
φFR v ve= − ( ) − ∞sin 1 2  (3.3)







cos v vT  
 
(3.4)
All of the turning angles generalized for any fj > 2 can be calculated using Eqs. 
(3.5) – (3.7).   




FR FR= +( )−cos cos cos sin1 2 2
               where      = −( )π f j 2  
 
(3.5)
In order to solve for ωb, Eq. (3.6) must be solved iteratively for λ.  A unique 
solution exists for 0 < λ < π/2 if ωMIN < ωa. 
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cos cos cos cos cos cos cos sin sin2 2φ λ λ λ φ λ φ φ λ λ λFR FR SR FRb b+( ) − + +( ) + − =








b f j  
(3.6) 
ω φ φ λ φ φb GR FR GR FR= +( )−cos cos cos cos sin sin1  (3.7)
If fj = 1, the turning angle for the only required flyby is ωc.   
ω π φc GR= − 2  (3.8)
If fj = 2, the turning angle for both required flybys is found by solving Eq. (3.7) 
with λ = π/2.  Equations (3.2) and (3.5) – (3.7) are derived using the known latitudes 
and longitudes of the vectors that define the turning angles.  These coordinates are 
summarized in Table 3.3.  Equation (3.6) is derived by setting the angle between v∞1- 
and v∞2- equal to the angle between v∞2- and v∞3- from Figure 3.8b.  This requires that 
v∞2- is orthogonal to v∞1- subtracted from v∞3-. 
Table 3.3: Coordinates for heliocentric flyby velocities 
 Figure 3.8a   Figure 3.8b  
 latitude    longitude 
(west) 
 latitude longitude 
(west) 
v∞1- φGR 0 φGR 0 
v∞2- φFR 0 φFR λ 
v∞3- φFR λa φFR λb+λ 
 
Due to symmetry, Eqs. (3.5)-(3.8) are still valid if hj is odd and a half-rev return 
is required.   However, caution is advised when solving for velocities after an odd 
number of half-rev returns because the velocity diagram switches orientation as 
indicated in Figure 3.6. 
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Given the value of hj, any arbitrary generic return can now be re-initiated using fj 
optimized flybys.  The calculation of the minimized maximum required turning angle, 
ωMINIMAX-j, can be summarized as follows: 
1) Calculate ωc from Eq. (3.8) 
2) Get fj from Table 3.2 
3) IF fj =1  
      ωMINIMAX-j = ωc 
ELSE IF fj =2 
      ωMINIMAX-j = cos-1(sin φGR  sin φFR ) 
ELSE IF fj >2 
       Calculate ωMIN, ωa using Eqs. (3.2) and (3.5) 
        IF  ωMIN ≥ ωa 
                ωMINIMAX-j = ωMIN 
        ELSE IF  ωMIN < ωa  
                calculate ωb using Eqs. (3.6) and (3.7) 
                ωMINIMAX-j = ωb 
 
3.6 CYCLERS WITH MULTIPLE IDENTICAL GENERIC RETURNS 
As long as the total period of the cycler is an integer multiple of the synodic 
period, it is possible for one cycle of a given cycler to consist of multiple generic 
returns.  If they are identical, the magnitude of v∞ remains unchanged at all of the Earth 
flybys.  As seen in Table 3.1, the spacing of multiple generic returns is a free parameter.  
This section addresses the logic for choosing this spacing.  Given a total of  h half-years 
allotted for full and half-rev returns and  a total of  s identical generic returns, the 
 77
purpose of this section is to determine how many half-years, hj, should be grouped with 







Once a specific generic return is grouped with an optimal number of half-years, 
the procedure described in the previous section can be applied independently to solve 
for the best flyby configuration and associated ωMINIMAX-j for that grouping.  The goal is 
to minimize the maximum of ωMINIMAX-j for j=1→s.  The resulting angle is ωMAX.  The 
logic is briefly outlined below: 
1) Calculate ωc , ωMINIMAX-j using hj=INT(h/s)
2) IF ωc ≥  ωMINIMAX-j 
THEN  h1→s-1= INT(h/s) 
             hs  = INT(h/s) +MOD(h/s) 
ELSE   h1   = h 
             h2→s  = 0 
3) ωMAX = ωMINIMAX-1 
 
This is derived based on the following observation.  If hj ≥ 1, ωMINIMAX-j will stay 
the same or decrease if the value of hj is increased.  However for hj=0, ωMINIMAX-j may 
increase or decrease if the value of hj is increased, depending on the geometry of the 
generic return.  Consider the geometry in Figure 3.8a.  Because ωc < ωMIN, it is clear 
that the maximum required turning angle is lowest if no intermediate free-returns are 
used.  In Figure 3.8b however, it is clear that intermediate flybys help to reduce the 
maximum required turning angle, ωMINIMAX-j.   
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As an example, if h=10 and s=3, the two possible cases are {h1=3, h2=3, h3=4} 
or {h1=10, h2=0, h3=0}.  In the first case, the geometry of the generic return is similar to 
that shown in Figure 3.8b.  Thus, the ten half-years are equally distributed among the 
three generic returns in order to minimize the total max turning angle.  Since h3 > h1, the 
max turning angle associated with the third generic return is guaranteed to be less than 
or equal to the max turning angle associated with the first generic return.  Therefore, as 
the logic step 3) indicates, ωMAX is encountered after the first generic return.   
In the latter case, the geometry is similar to that of Figure 3.8a.  Thus, the max 
turning angle is lowest if no intermediate flybys are used to re-initiate the generic 
return.  Therefore, all of the available ten half-years are grouped with the first generic 
return in an attempt to lower its associated max required turning angle and leave the 
second and third generic returns with no intermediate flybys.  Again, the total max 
turning angle, ωMAX, is encountered after the first generic return.  Note that for h ≥ 1, 
ωMIN is the lower bound for ωMAX. 
3.7 ALGORITHM OVERVIEW 
An overview of the algorithm is shown in Figure 3.9.  It searches for all cycler 
solutions with periods from 1 to pMAX synodic periods.  A feasible cycler of the form 
p.h.s.i is one whose time of flight for the generic return is sufficiently large such that 
NMAX from Lambert’s problem is positive.  If NMAX =0, the only solution to Lambert’s 
problem is the Earth’s orbit.  Also, a negative TOF is clearly not a feasible candidate.  
Equation (3.1) indicates that TOF is indirectly related to h and s.  Therefore, in order to 
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analyze the maximum number of feasible cyclers, it is desirable to choose hMAX and sMAX 
sufficiently large.  The algorithm simply ignores infeasible combinations of p, h, and s.    
 
Figure 3.9:  Algorithm summary 
 
3.8 RESULTS 
Table 3.4 lists an example of resulting cyclers using the algorithm described in 
Figure 3.9.  Each column represents important characteristics to consider when 
evaluating a particular cycler trajectory.  The Aphelion Ratio, AR, is the ratio of the 
maximum ecliptic-plane cycler aphelion radius to 1.52 AU, the radius of Mars.  For   
AR > 1, it is possible for the cycler to intercept Mars without a powered maneuver.  The 
 80
Turn Ratio, TR, is the ratio of the maximum physically allowable turning angle to the 
maximum required turning angle, ωMAX.  The maximum allowed turning angle is based 
on a 200 km altitude Earth flyby.  For TR > 1, all required flybys are physically 
attainable without powered maneuvers.   
Cyclers described in this dissertation are only guaranteed one Mars encounter 
each period.  Therefore the duration between successive Mars encounters is p synodic 
periods.  One approach that increases this frequency is to initiate a new cycler each 
synodic period.  The obvious downside is the cost of each additional cycler vehicle.  
Thus p vehicles are required to ensure a one-synodic period duration between 
successive Mars encounters.  The magnitude of the planet-centered velocities are 
important because they represent a relative measure of the maneuver requirements to 
taxi to and from the planets and an existing cycler.  The geocentric velocity is also a 
relative measure for the maneuver requirement to initiate the cycler from Earth.  Of 
course, these are the hyperbolic velocities at the sphere-of-influence boundary.  The 
actual maneuver requirements will vary due to the gravity of the bodies.  These 
velocities are inversely related to the duration of the Earth-Mars transit.  The inbound 
cyclers, although not reported here, have a short Mars-Earth transit instead of Earth-
Mars.  These are easily found by adjusting the initiating time of the cycler.  An 
additional p vehicles are required to ensure a one-synodic period duration between 
successive Mars-Earth inbound trips.  Due to symmetry, the energy properties for 
inbound and outbound cyclers are identical.7   The last column shows the number of 
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gravity-assisted Earth flybys and the geocentric turning angle associated with each one.  
Depending on the specific needs of a mission, it may be desirable to have a large or 
small number of flybys.   
The ARMIN and TRMIN values used to generate Table 3.4 are somewhat arbitrary.  
However, they are chosen such that the resulting cyclers are good candidates for 
optimization using a more realistic solar system.  In the true model, the radius of Mars 
varies from 1.38-1.67 AU.  The lower value corresponds to an AR of 0.91, thus ARMIN is 
chosen to be 0.9.  The TRMIN value of 0.85 is chosen to include the Aldrin Cycler1,13,14  
in the results.  A total of forty-four cyclers are shown in Table 3.4, of which twenty-four 
are entirely ballistic.  The turn angle optimization described in previous sections is 
evidenced by the number, order, and values of the turn angles shown in the last column.  
For example, the two generic returns for Cycler 4.9.2.-1 have corresponding hj’s of nine 
and zero respectively.  The first generic return is re-initiated using all of the available 
half-years because the second can be re-initiated using no intermediate returns with only 
a 24° turn angle.  The best configuration for the first re-initiation is to use the ωMIN 
turning angle of 83° to traverse down to the full-rev circle, followed by four equally 
spaced maneuvers with turning angles of 44.8°, and finally an 83° maneuver back to the 
re-initiation location.  The velocity diagram for Cycler 4.9.2.-1 is similar to that shown 
in Figure 3.8a.    
Several of the cyclers presented in Table 3.4 are worth mentioning.  The bold 
indicates the cyclers with the most promising characteristics.  Cycler 2.5.1.+0 is an 
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example of a solution with a relatively short Earth-Mars transit time, perhaps desirable 
for a human-crewed mission.  The benefits of the 94-day trip are offset by the relatively 
high terminal speeds.  Cycler 3.1.1.+3,  Cycler 3.1.2.+1,  and Cycler 3.7.1.+1  have low 
terminal speeds and require two, three, and four flybys respectively.  Cycler 4.0.3.+1 
has a transit time of 160 days and relatively good terminal speeds using generic returns 
only.  Cycler 4.3.1.-5 has remarkably low energy requirements at Earth and Mars.  The 
speeds are low because the generic return portion of this cycler is very near a Hohman 
transfer.  At Earth, the cycler has a v∞ of 3.10 km/s compared to the Hohman value of 
2.84 km/s, while at Mars the cycler has a v∞ of 2.53 km/s compared to the Hohman 
value of 2.57 km/s.  The Aphelion Ratio is 0.992, thus the cycler doesn’t quite reach 
Mars in the simplified model.  Cycler 4.5.1.-4, Cycler 4.5.2.-2, and Cycler 4.11.1.-2 
also have promising energy characteristics.   
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Table 3.4:  Two, three, and four-synodic period ballistic or near-ballistic cyclers 














   Required Geocentric Turning  
   Angle at each Flyby (deg) 
1. 0. 1.-1c 1.47 0.86 146 6.5 9.7 84        
2. 1. 1.+2d 0.95 1.11 207 4.1 2.0 92 92       
2. 3. 1.+1e 1.08 0.92 143 5.4 5.3 93 93       
2. 5. 1.+0 1.44 1.12 94 7.8 9.9 54 54 54 54     
3. 1. 1.+3 1.07 1.19 174 3.6 4.6 93 93       
3. 1. 1.+2 1.43 0.89 115 5.4 9.2 95 95       
3. 1. 2.+1 1.07 1.23 181 3.4 4.6 93 93 24      
3. 1. 3.+0 1.43 0.93 123 5.1 9.1 95 95 16 16     
3. 3. 1.+2 1.19 1.06 141 4.3 6.8 94 94       
3. 5. 1.+2 0.94 1.80 231 2.7 1.5 70 70 70 70     
3. 5. 1.+1 1.43 1.15 115 5.4 9.2 73 73 73 73     
3. 5. 2.+0 1.43 1.06 121 5.2 9.2 83 83 83 83 24    
3. 7. 1.+1 1.07 1.56 175 3.6 4.6 71 71 71 71     
3. 9. 1.+0 1.43 1.17 116 5.4 9.2 72 45 45 45 45 72   
4. 0. 3.+1 1.07 1.18 160 4.3 4.9 85 85 85      
4. 1. 1.-6 0.94 1.37 256 2.7 1.6 92 92       
4. 1. 1.-5 1.15 1.11 173 4.1 6.1 94 94       
4. 1. 1.-4 1.44 0.89 137 5.5 9.3 95 95       
4. 1. 2.-3 0.94 1.40 250 2.6 1.5 92 92 24      
4. 1. 2.-2 1.43 0.93 132 5.2 9.2 95 95 24      
4. 1. 4.-1 1.43 0.93 129 5.1 9.2 95 95 12 12 12    
4. 3. 1.-5 0.99 1.29 268 3.1 2.5 93 93       
4. 3. 1.-4 1.26 1.01 154 4.7 7.6 94 94       
4. 5. 1.-4 1.07 1.55 196 3.6 4.7 71 71 71 71     
4. 5. 1.-3 1.44 1.15 137 5.5 9.3 73 73 73 73     
4. 5. 2.-2 1.07 1.40 191 3.4 4.6 81 81 81 81 24    
4. 5. 3.-1 1.43 1.02 130 5.1 9.2 87 87 87 87 16 16   
4. 6. 1.+4 0.91 1.50 154 6.8 2.1 46 46 46 46     
4. 6. 3.+0 1.43 0.88 105 6.4 9.5 60 60 60 60 84 84   
4. 7. 1.-3 1.20 1.38 163 4.3 6.8 72 72 72 72     
4. 7. 1.-2 1.77 0.96 120 6.6 11.4 74 74 74 74     
4. 8. 1.+3 0.96 1.64 164 7.7 3.1 37 37 37 37 37    
4. 8. 1.+2 1.31 0.86 76 12.5 10.7 37 37 37 37 37    
4. 9. 1.-3 0.94 1.83 256 2.7 1.6 69 45 45 45 45 69   
4. 9. 1.-2 1.44 1.16 137 5.5 9.3 72 45 45 45 45 72   
4. 9. 2.-1 1.44 1.05 132 5.2 9.2 83 45 45 45 45 83 24  
4.10. 1.-3 0.92 1.46 263 10.2 3.6 30 30 30 30 30 30   
4.10. 1.+2 1.03 1.65 131 8.9 5.0 31 31 31 31 31 31   
4.11. 1.-2 1.07 1.58 195 3.6 4.7 70 45 45 45 45 70   
4.12. 1.-2 0.97 1.43 268 11.6 4.8 25 25 25 25 25 25 25  
4.12. 1.+1 1.16 1.48 93 10.8 8.2 27 27 27 27 27 27 27  
4.13. 1.-1 1.44 1.16 137 5.5 9.3 72 30 30 30 30 30 30 72
4.14. 1.-1 1.12 1.13 199 14.7 9.4 22 22 22 22 22 22 22 22
4.14. 1.+0 1.49 1.09 66 14.1 12.7 25 25 25 25 25 25 25 25
a  Cycler reaches Mars if Aphelion Ratio ≥ 1 
b  All flybys have minimum altitudes above 200 km if Turn Ratio ≥ 1    
c  Aldrin cycler1,13,14  
d  “Case 2” cycler described by Byrnes et al16 




Details about the flyby maneuvers for a few of the discussed solutions are 
provided in Table 3.5 - Table 3.8.  They have sufficient data to simulate one complete 
cycle plus the first leg of the second cycle for each described cycler.  The ecliptic is the 
x-y axis plane and the initial position of the Earth is always on the x-axis. 
Table 3.5:  Cycler 2.5.1.+0 
Location Earth Mars Earth Earth Earth Earth Mars
time  (days) 0 94 652 1018 1200 1565 1659
∆vx    (km/s) 6.50
a 0 -5.19 1.40 -1.40 -5.29 0 
∆vy    (km/s) 4.35
a 0 -1.41 -6.12 6.12 -0.98 0 
∆vz    (km/s) 0
a 0 4.55 3.20 3.20 4.55 0 
rmars t
T  at  AU0 1 41 0 57 0= [ ]. .  
a initial v∞ with respect to Earth 
 
Table 3.6:  Cycler 3.1.2.+1 
Location Earth Mars Earth Earth Earth Mars
time  (days) 0 181 1083 1265 2348 2529
∆vx    (km/s) 0.71
a 0 -0.09 -1.48 -1.28 0 
∆vy    (km/s) 3.32
a 0 -3.59 -3.27 0.62 0 
∆vz    (km/s) 0
a 0 3.39 3.39 0 0 
rmars t
T  at  AU0 1 15 0 99 0= [ ]. .   
a initial v∞ with respect to Earth  
 
Table 3.7:  Cycler 4.3.1.-5 
Location Earth Marsb Earth Earth Marsb
time  (days) 0 268 2583 3131 3399
∆vx    (km/s) -1.24
a 0 0.18 2.42 0 
∆vy    (km/s) 2.84
a 0 -3.24 -2.16 0 
∆vz    (km/s) 0
a 0 3.09 3.09 0 
rmars t
T  at  AU0 0 93 1 20 0= [ ]. .   
a initial v∞ with respect to Earth 
b0.008 AU from Mars (cycler aphelion) 
 
 
Table 3.8:  Cycler 4.5.2.-2 
Location Earth Mars Earth Earth Earth Earth Earth Mars
time  (days) 0 191 1109 1474 1657 2022 3131 3322
∆vx    (km/s) -0.71a 0 3.38 -3.29 3.29 -1.80 1.29 0 
∆vy    (km/s) 3.34a 0 -2.86 -0.75 0.75 -4.04 0.62 0 
∆vz    (km/s) 0a 0 -0.50 -2.91 -2.91 -0.50 0 0 
rmars t
T  at  AU0 1 03 1 12 0= [ ]. .     
a initial v∞ with respect to Earth 




                                             
 
                               a)  Cycler 4.3.1.-5, sun-fixed                                                  b)  Cycler 2.5.1.+0, sun-fixed 
 
                           
               c)  Cycler 4.3.1.-5, Earth/Mars-fixed (TRP frame)                     d)  Cycler 2.5.1.+0,  Earth/Mars-fixed (TRP frame) 
 
                                                           
                 e)  Cycler 4.3.1.-5, near Earth view of c)                                          f)  Cycler 2.5.1.+0, near Earth view of d) 




Figure 3.10 shows the top-down view of one cycle of the cyclers presented in 
Table 3.7 and Table 3.5.  The dots and numbers sequentially label the planet encounters.  
A star next to a number indicates a flyby is required.  Two stars indicate a flyby that re-
initiates the next cycle.   
Parts c and d illustrate the same trajectories shown in parts a and b, but are 
plotted in a translating, rotating, and pulsating reference frame42 that fixes both Earth 
and Mars for all times.  In this frame, the Earth is fixed at the origin, and Mars is fixed 
at unity on the x axis for all time.  The trajectory plots the position of the spacecraft 
relative to Earth and Mars.  At any specified time, one unit in the pulsating frame is 
equivalent to the instantaneous line of sight distance between Earth and Mars.  In such a 
frame, a true cycler orbit is exactly periodic.  This frame provides a good measure of 
periodicity when it is difficult or impossible to find a true cycler, as is the case for the 
realistic solar system.  The dynamics of such frames are discussed further in Appendix 
A.  Parts e and f are zoomed-in on the Earth several orders of magnitude from parts c 
and d respectively.  Note that all half and full-rev returns are out of the ecliptic plane for 
both cyclers in Figure 3.10.  The near-Hohman qualities of the Earth- Mars leg are 
responsible for the near-symmetry seen in part c.  
Additional insight available from the pulsating frame is the visualization of 
near-encounters with Earth or Mars.  As seen in part c, during the generic return, the 
cycler comes very close to a second Mars encounter, followed by a short transit to 
Earth.  Note that distances on the graph may be deceiving because the units pulsate by 
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definition in this frame.  The near-encounter does, however, come within 0.06 AU from 
Mars.  When expanding the results to include true ephemerides, this additional near-
encounter will be constrained as a true-encounter, thus significantly reducing the 
number of required cycler vehicles.  As mentioned above, 2p vehicles are typically 
required to sustain a short Earth-Mars transit and a short Mars-Earth transit each 
synodic period.  However, if a cycler contains inbound and outbound transits during 
each cycle, then only p vehicles are required.   This tremendous advantage combined 
with its Hohman-like energy characteristics make Cycler 4.3.1.-5 an excellent candidate 
to study in a more realistic solar system.   
 
Figure 3.11:  Three Dimensional view of Cycler 3.1.2.+1 
 
Figure 3.11 illustrates a 3D view of one cycle of Cycler 3.1.2.+1.  The first leg 
leaves Earth en-route to Mars via a generic return orbit.  After 1+ revolutions, an out-of-
plane half-rev return connects two Earth flybys, then the second identical generic return 
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completes the last leg.  The third flyby is required to start the process again.   The 
detailed energy and time characteristics of this cycler are shown in Table 3.6.    
 
Figure 3.12:  Number of cyclers found vs. period 
 
Figure 3.12 summarizes the number of cyclers found for values of p from 1 to 6.  
If Table 3.4 were expanded to include five- and six-synodic period cyclers, an 
additional 157 entries would be added.  These are documented in Table 3.9 - Table 
3.11.  In total, 2502 cyclers are investigated, 116 of which are totally ballistic.   The 
eighty-four near-ballistic cyclers are documented based on the arbitrary values of ARMIN 
= 0.9 and TRMIN=0.85.  Cyclers that are integer multiples of previously recorded cyclers 
are not included in these numbers.  For example, Cycler 4.6.2.+1 is not included in 
Table 3.4 or Figure 3.12 because it is simply two cycles of Cycler 2.3.1.+1.  
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Some of the cyclers found with this method have been previously documented.  
Cycler 1.0.1.-1, with a Turn Ratio of 0.86, is the Aldrin cycler.1,13,14   Cycler 2.1.1.+2 
and Cycler 2.3.1.+1 are identical to the “Case 2” and “Case 3” cyclers described by 
Byrnes et al.16  The cyclers found by McConaghy et al17 are identical to those discussed 
in this paper with h=0 and s=1.  Four of the six-synodic period cyclers are listed in 
Table 3.10. 
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  Earth→Mars or 
aphelion  (days) 
v∞ at Earth 
(km/s) 
v∞ at Mars 
(km/s) 
Required Geocentric Turning Angle at each Flyby (deg) 
5. 1. 1.-7 1.04 0.97 229 5.0 4.3 93 93     
5. 1. 2.-3 1.20 1.00 168 4.7 7.0 94 94 67        
5. 1. 5.-1 1.44 0.92 133 5.2 9.2 95 95 28 28 28 28     
5. 2. 1.+7 0.90 1.07 182 4.5 1.3 92 92         
5. 2. 2.+2 1.20 0.94 128 5.2 7.1 94 94 85        
5. 2. 5.+0 1.43 0.91 118 5.3 9.2 95 95 37 37 37 37     
5. 3. 1.-7 0.92 1.17 270 3.8 1.4 92 92         
5. 3. 1.-6 1.10 0.90 205 5.5 5.7 93 93         
5. 3. 3.-2 1.07 1.19 195 3.6 4.7 93 93 47 47       
5. 4. 1.+6 0.94 1.45 189 4.9 1.9 63 63 63        
5. 4. 1.+5 1.12 1.06 122 7.0 6.3 64 64 64        
5. 4. 3.+1 1.07 1.44 170 3.8 4.7 75 75 75 61 61      
5. 5. 1.-6 0.96 1.95 279 4.3 2.2 52 52 52 52       
5. 5. 1.-5 1.18 1.44 186 6.2 7.0 53 53 53 53       
5. 5. 1.-4 1.48 1.08 154 8.0 10.3 54 54 54 54       
5. 5. 2.-3 0.94 1.79 262 3.0 1.7 63 63 63 63 68      
5. 5. 2.-2 1.45 1.19 142 5.9 9.5 66 66 66 66 66      
5. 5. 4.-1 1.44 1.10 134 5.3 9.3 78 78 78 78 35 35 35    
5. 6. 1.+5 0.98 1.74 198 5.4 2.7 49 49 49 49       
5. 6. 1.+4 1.20 1.23 107 7.7 7.6 49 49 49 49       
5. 6. 1.+3 1.49 0.90 82 9.8 11.0 50 50 50 50       
5. 6. 2.+2 0.94 1.36 219 3.3 1.7 58 58 58 58 86      
5. 6. 2.+1 1.44 0.87 104 6.4 9.5 60 60 60 60 84      
5. 6. 4.+0 1.43 1.16 116 5.4 9.2 73 73 73 73 46 46 46    
5. 7. 1.-5 1.02 1.78 245 4.8 3.6 52 52 52 52       
5. 7. 1.-4 1.30 1.27 169 7.0 8.5 53 53 53 53       
5. 7. 1.-3 1.71 0.93 142 9.1 11.9 54 54 54 54       
5. 8. 1.+4 1.03 1.91 154 6.1 4.3 40 40 40 40 40      
5. 8. 1.+3 1.31 1.30 94 8.6 9.1 41 41 41 41 41      
5. 8. 1.+2 1.72 0.92 73 11.0 12.6 42 42 42 42 42      
5. 9. 1.-4 1.10 2.09 204 5.6 5.7 40 40 40 40 40 40     
5. 9. 1.-3 1.48 1.38 154 8.0 10.3 42 42 42 42 42 42     
5. 9. 1.-2 2.15 0.93 130 10.5 13.8 45 44 44 44 44 45     
5. 9. 2.-2 1.08 1.57 198 4.0 4.9 60 45 45 45 45 60 67    
5. 9. 2.-1 2.10 0.90 117 7.9 12.9 65 45 45 45 45 65 65    
5. 9. 3.-1 1.44 1.16 137 5.5 9.3 72 45 45 45 45 72 46 46   
5.10. 1.+3 1.11 1.94 123 6.9 6.2 35 35 35 35 35 35     
5.10. 1.+2 1.49 1.25 82 9.8 10.9 36 36 36 36 36 36     
5.10. 2.+1 1.07 1.71 160 4.3 4.9 59 59 59 59 59 59 59 59   
5.10. 2.+0 2.08 0.87 81 8.6 13.0 62 62 62 62 62 62 62 62   
5.10. 3.+0 1.43 1.24 112 5.7 9.3 66 45 45 45 45 66 60 60   
5.11. 1.-3 1.24 1.76 177 6.6 7.8 41 41 41 41 41 41     
5.11. 1.-2 1.83 1.09 138 9.5 12.5 43 43 43 43 43 43     
5.11. 2.+1 1.14 1.00 101 9.6 7.5 47 47 47 47 47 47 47 47   
5.12. 1.+2 1.24 1.81 101 8.1 8.3 32 32 32 32 32 32 32    
5.12. 1.+1 1.82 1.07 70 11.5 13.2 34 34 34 34 34 34 34    
5.13. 1.-3 0.97 2.69 280 4.3 2.3 37 30 30 30 30 30 30 37   
5.13. 1.-2 1.49 1.39 153 8.1 10.3 42 30 30 30 30 30 30 42   
5.13. 2.-1 1.45 1.20 141 5.9 9.5 66 66 66 66 66 66 66 66   
5.14. 1.+2 0.97 3.06 196 5.3 2.6 28 28 28 28 28 28 28 28   
5.14. 1.+1 1.48 1.41 82 9.8 10.9 32 30 30 30 30 30 30 32   
5.14. 2.+0 1.43 1.22 105 6.4 9.5 60 60 60 60 60 60 60 60   
5.15. 1.-2 1.11 2.13 202 5.6 5.8 39 30 30 30 30 30 30 39   
5.15. 1.-1 2.16 0.93 130 10.5 13.9 45 30 30 30 30 30 30 45   
5.16. 1.+1 1.10 2.37 126 6.8 6.0 29 26 26 26 26 26 26 26 29  
5.16. 1.+0 2.12 0.91 64 12.6 14.6 35 25 25 25 25 25 25 25 35  
5.17. 1.-1 1.50 1.37 152 8.1 10.4 42 22 22 22 22 22 22 22 22 42





Table 3.10:  Six-synodic period ballistic (or near) cyclers. Part I 
ARMIN=0.9, and TRMIN=0.85 
Cycler  










v∞ at Mars 
(km/s) 
    Required Geocentric Turning Angle at each Flyby (deg) 
6. 0. 1.+9a 0.92 1.40 213 3.0 1.2 86         
6. 0. 1.+8b 1.03 1.22 179 4.0 3.9 85         
6. 0. 1.+7c 1.17 1.07 133 5.0 6.7 85         
6. 0. 1.+6d 1.34 0.93 111 6.0 8.7 84         
6. 1. 2.-4 1.09 0.91 203 4.9 5.4 93 93 100       
6. 1. 3.-3 0.95 1.30 264 3.1 1.7 92 92 74 74      
6. 1. 4.-2 1.07 1.16 197 3.8 4.8 93 93 57 57 57     
6. 1. 6.-1 1.44 0.90 135 5.4 9.3 95 95 39 39 39 39 39   
6. 2. 1.+8 0.94 1.26 220 3.3 1.7 92 92        
6. 2. 1.+7 1.08 1.07 158 4.3 5.0 93 93        
6. 2. 1.+6 1.24 0.91 123 5.4 7.6 94 94        
6. 2. 2.+3 1.07 1.19 174 3.6 4.6 93 93 47       
6. 2. 2.+2 1.43 0.89 115 5.4 9.2 95 95 46       
6. 2. 3.+2 0.94 1.39 235 2.6 1.5 92 92 32 32      
6. 2. 3.+1 1.43 0.92 119 5.2 9.2 95 95 31 31      
6. 2. 4.+1 1.07 1.23 181 3.4 4.6 93 93 24 24 24     
6. 2. 6.+0 1.43 0.93 123 5.1 9.1 95 95 16 16 16 16 16   
6. 3. 1.-9 0.92 0.89 279 5.7 1.8 91 91        
6. 3. 4.+1 1.07 1.04 156 4.5 5.0 93 93 93 93 93     
6. 4. 1.+7 0.98 1.59 227 3.6 2.4 70 70 70       
6. 4. 1.+6 1.13 1.33 142 4.7 6.0 71 71 71       
6. 4. 1.+5 1.33 1.11 113 5.9 8.5 71 71 71       
6. 4. 1.+4 1.58 0.93 96 7.0 10.6 72 72 72       
6. 5. 1.-8 0.95 1.62 283 6.2 2.4 47 47 47 47      
6. 5. 1.-7 1.11 1.16 213 8.4 6.6 47 47 47 47      
6. 5. 1.-6 1.31 0.88 180 10.4 9.8 48 48 48 48      
6. 5. 5.-1 1.44 1.15 137 5.5 9.3 73 73 73 73 46 46 46 46  
6. 6. 1.+6 1.02 1.82 189 3.9 3.5 58 58 58 58      
6. 6. 1.+5 1.20 1.48 128 5.2 7.1 59 59 59 59      
6. 6. 1.+4 1.45 1.21 104 6.4 9.6 60 60 60 60      
6. 6. 1.+3 1.78 0.99 89 7.7 11.7 61 61 61 61      
6. 6. 2.+2 1.19 1.38 141 4.3 6.8 72 72 72 72 46     
6. 6. 2.+1 1.77 0.96 99 6.6 11.3 74 74 74 74 45     
6. 6. 5.+0 1.43 1.03 122 5.1 9.2 85 85 85 85 19 19 19 19  
6. 7. 1.-7 0.98 1.49 289 6.7 3.1 47 47 47 47      
6. 7. 1.-6 1.17 1.05 199 9.1 7.8 47 47 47 47      
6. 7. 2.+3 0.91 0.98 176 5.1 1.5 62 62 62 91 91     
6. 7. 3.-2 1.08 1.40 199 4.1 5.0 62 62 62 62 73 73    
6. 7. 5.+0 1.43 0.99 107 6.1 9.4 62 62 62 62 77 77 77 77  
6. 8. 1.+6 0.91 2.39 211 2.9 1.0 51 51 51 51 51     
6. 8. 1.+5 1.08 1.89 158 4.3 5.0 53 53 53 53 53     
6. 8. 1.+4 1.30 1.50 116 5.7 8.3 54 54 54 54 54     
6. 8. 1.+3 1.62 1.18 95 7.2 10.8 55 55 55 55 55     
6. 8. 1.+2 2.09 0.94 81 8.6 13.1 57 57 57 57 57     
6. 8. 3.+1 1.07 1.47 179 3.4 4.6 77 60 60 60 77 32 32   
6. 9. 1.-6 1.03 1.97 248 7.3 4.5 32 32 32 32 32 32    
6. 9. 1.-5 1.26 1.35 186 10.0 9.1 33 33 33 33 33 33    
6. 9. 1.-4 1.57 0.98 161 12.4 12.4 34 34 34 34 34 34    
6. 9. 2.-3 0.96 1.61 274 3.8 2.0 54 54 54 54 67 67 67   
6. 9. 2.-2 1.47 0.94 150 7.2 10.0 56 56 56 56 69 69 69   
6. 9. 4.-1 1.45 1.21 139 5.7 9.4 67 45 45 45 45 67 56 56 56




Table 3.11:  Six-synodic period ballistic (or near) cyclers.  Part II 
ARMIN=0.9, and TRMIN=0.85 
Cycler  










v∞ at Mars 
(km/s) 
    Required Geocentric Turning Angle at each Flyby (deg) 
6.10. 1.+5 0.94 2.31 219 3.3 1.7 50 45 45 45 45 50       
6.10. 1.+4 1.15 1.76 137 4.9 6.4 52 45 45 45 45 52       
6.10. 1.+3 1.44 1.34 104 6.4 9.6 54 45 45 45 45 54       
6.10. 1.+2 1.89 1.02 86 8.1 12.2 56 45 45 45 45 56       
6.10. 2.+2 0.94 1.84 231 2.7 1.5 69 45 45 45 45 69 47      
6.10. 2.+1 1.43 1.17 115 5.4 9.2 72 45 45 45 45 72 46      
6.10. 4.+0 1.43 1.06 121 5.2 9.2 83 45 45 45 45 83 24 24 24    
6.11. 1.-5 1.09 1.75 219 8.2 6.2 33 33 33 33 33 33       
6.11. 1.-4 1.38 1.17 173 11.0 10.7 33 33 33 33 33 33       
6.11. 2.+2 0.98 1.61 191 6.1 2.9 48 48 48 48 48 48 48 48     
6.12. 1.+4 1.00 2.14 232 3.7 2.7 51 36 36 36 36 36 51      
6.12. 1.+3 1.26 1.57 120 5.5 7.8 53 36 36 36 36 36 53      
6.12. 1.+2 1.67 1.15 92 7.4 11.1 55 36 36 36 36 36 55      
6.13. 1.+5 1.08 0.94 79 16.7 9.7 22 22 22 22 22 22 22 22     
6.13. 1.-5 0.90 3.44 276 5.4 1.5 25 25 25 25 25 25 25 25     
6.13. 1.-4 1.18 1.92 198 9.2 7.9 26 26 26 26 26 26 26 26     
6.13. 1.-3 1.58 1.21 160 12.4 12.5 27 27 27 27 27 27 27 27     
6.13. 2.-2 1.10 1.65 202 5.0 5.4 55 55 55 55 55 55 55 55     
6.13. 3.-1 1.46 1.06 143 6.1 9.6 60 30 30 30 30 30 30 60 72 72   
6.14. 1.+3 1.08 1.93 158 4.3 4.9 52 30 30 30 30 30 30 52     
6.14. 1.+2 1.44 1.34 104 6.4 9.6 54 30 30 30 30 30 30 54     
6.14. 1.+1 2.09 0.94 81 8.6 13.1 57 30 30 30 30 30 30 57     
6.14. 2.+1 1.07 1.59 175 3.6 4.6 70 30 30 30 30 30 30 70 47    
6.14. 2.+0 2.08 0.85 91 7.4 12.7 75 30 30 30 30 30 30 75 45    
6.14. 3.+0 1.43 1.10 119 5.2 9.2 79 30 30 30 30 30 30 79 31 31   
6.15. 1.+4 1.11 0.90 74 17.2 10.4 22 22 22 22 22 22 22 22     
6.15. 1.-4 0.95 3.00 285 6.3 2.6 25 25 25 25 25 25 25 25     
6.15. 1.-3 1.32 1.57 179 10.5 10.0 26 26 26 26 26 26 26 26     
6.15. 1.-2 1.94 0.94 147 14.3 14.8 28 28 28 28 28 28 28 28     
6.15. 2.+1 1.11 1.27 117 7.7 6.4 39 39 39 39 39 48 48 48 48    
6.16. 1.+2 1.20 1.67 128 5.2 7.1 53 26 26 26 26 26 26 26 53    
6.16. 1.+1 1.78 1.08 89 7.7 11.7 56 25 25 25 25 25 25 25 56    
6.17. 1.+3 1.14 1.06 69 17.9 11.3 17 17 17 17 17 17 17 17 17 17   
6.17. 1.-3 1.04 2.91 241 7.5 4.8 21 21 21 21 21 21 21 21 21 21   
6.17. 1.-2 1.59 1.24 160 12.5 12.6 26 22 22 22 22 22 22 22 22 26   
6.17. 2.-1 1.48 1.30 149 7.3 10.1 48 45 45 45 45 48 50 50 50 50 50  
6.18. 1.+2 0.94 2.32 219 3.3 1.7 50 22 22 22 22 22 22 22 22 50   
6.18. 1.+1 1.44 1.34 104 6.4 9.5 54 22 22 22 22 22 22 22 22 54   
6.18. 2.+0 1.43 1.17 116 5.4 9.2 72 22 22 22 22 22 22 22 22 72 46  
6.19. 1.+2 1.19 0.97 64 18.8 12.5 17 17 17 17 17 17 17 17 17 17   
6.19. 1.-2 1.20 2.09 195 9.4 8.2 23 22 22 22 22 22 22 22 22 23   
6.19. 2.+0 1.47 1.18 79 10.6 11.1 35 35 35 35 35 35 35 35 35 35 35 35
6.20. 1.-4 0.93 1.09 183 12.8 5.0 29 20 20 20 20 20 20 20 20 20 29  
6.20. 1.+1 1.07 1.94 160 4.3 4.9 52 20 20 20 20 20 20 20 20 20 52  
6.20. 1.+0 2.08 0.94 81 8.6 13.0 57 20 20 20 20 20 20 20 20 20 57  
6.21. 1.+1 1.29 1.01 57 20.3 14.4 14 14 14 14 14 14 14 14 14 14 14 14
6.21. 1.-1 1.63 1.19 158 12.7 12.9 27 18 18 18 18 18 18 18 18 18 18 27





3.9 CHAPTER CONCLUSIONS 
A systematic method for constructing ballistic and near-ballistic cyclers between 
Earth and Mars in a simple solar system is presented.  The method combines the 
advantages of previous works into one more generalized approach, utilizing both the 
geometry associated with free-return velocity diagrams and the many solutions that 
arise from the multiple revolution Lambert’s Problem.  The method only requires 
iterations on sub-problems and does not require an initial trajectory estimate.  It 
marches through the entire defined solution space of all feasible combinations of 2π 
full, 1π half, and identical generic return orbits that combine to form a cycler.  Free 
parameters associated with each unique combination of free-returns are then chosen to 
minimize the maximum required turning angle, thus maximizing the probability that the 
cycler is ballistic. The resulting ballistic and near-ballistic cyclers exhibit a wide range 
of energy and time characteristics, making them good candidates for a variety of 
potential applications.   
The method is general in the sense that it encompasses many previously known 
Earth-Mars idealized cyclers.  Additionally, twenty-four new ballistic cyclers are found 
with periods of four synodic periods or less.  Several of the new cyclers exhibit 
remarkably low terminal speeds.  In particular, the Earth-Mars transfer on Cycler  
4.3.1.-5 is very near a Hohman.  In addition, this near-ballistic four-synodic period 
cycler only requires four vehicles to maintain a one-synodic period frequency for both 
inbound and outbound transfers.    
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The method is limited by imposed constraints in the problem formulation, thus 
several extensions will be addressed in the next chapter.  These include generalizing the 
definitions of half and full-rev returns to include nπ transfers where n is any integer, and 
considering cyclers with non-identical generic returns.   
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4 Idealized Free-Return Cyclers Composed of nπ Transfers 
and One or More Identical or Different Generic Returns 
 
4.1 CHAPTER SUMMARY 
 In this chapter a new technique is developed to globally identify and optimize all 
useful idealized Earth-Mars cyclers constructed with Earth-Earth free-returns patched 
by gravity-assisted flybys.  Previous techniques that use solutions of the multiple-
revolution Lambert problem are expanded.  Using combinatorics, the entire solution 
space is investigated for combinations of generic, half-rev, and full-rev free-return 
transfers for cyclers with periods up to three synodic periods.  All three types of free-
returns are generalized to include the possibility for multiple revolutions.  Multiple 
options for the short Earth-Mars and Mars-Earth legs that characterize the cyclers are 
included.  The generalized technique requires the solutions to hundreds of thousands of 
minimax optimization problems, and results in 142 previously undocumented ballistic 
cyclers.  In addition, the global search verifies and encompasses results from several 
earlier studies that looked at a variety of subsets of the current solution space.  The final 
list is exhaustive for the defined class of cyclers, and is an excellent resource to seek 
cyclers in a more realistic solar system.   
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4.2 INTRODUCTION 
Recently, several studies have investigated Earth-Mars cyclers using Earth free-
return trajectories patched together with gravity-assisted Earth flybys.13,15,16,17,29,30  The 
free-returns can be divided into three mutually exclusive categories: 1) Half-rev (odd-
nπ) transfers,  2) Full-rev (even-nπ) transfers, and 3) generic transfers.  Reference 17 
presents all cyclers consisting of a single generic return while Ref. 15 investigates 
several cyclers using two identical or non-identical generic returns patched by an Earth 
flyby.  Reference 16 shows solutions for two-synodic period cyclers with a single 
generic return patched with 1π half-year and 2π full-year transfers.   Reference 29, or 
Chapter 3 of this text, presents optimized solutions for all cyclers that use one or more 
identical generic returns patched by any combination of 1π half-year or 2π full-year 
transfers, including those discussed in Refs. 16 and 17.  Reference 30 presents several 
improved versions of previously documented cyclers when the definitions for half- and 
full-rev returns are generalized to include multiple revolutions.  These solutions are also 
tabulated in Section 4.3 of the current chapter.   
Clearly, there has been much recent success in finding Earth-Mars cyclers using 
patched free-return trajectories.  However, the tremendous number of potential 
combinations of half-rev, full-rev, and generic returns has encouraged investigators to 
consider limited subsets of cyclers of this class.  The current chapter seeks to generalize 
this search to include all subsets including several previously investigated and un-
investigated cycler classes. 
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Periodic constraints associated with cyclers restrict true solutions to exist only in 
simplified solar system models.  Therefore, the references mentioned above primarily 
focus on techniques to find solutions in a circular-coplanar model.  Additionally, Refs. 
3, 4, 8, 15, and 16 find corresponding ballistic solutions in an ephemeris model.  Refs. 
13, 15, and 18 include ephemeris model solutions that use impulsive or low-thrust 
maneuvers respectively when necessary.  The current chapter is limited to the circular-
coplanar model, and the majority of the cyclers presented require no fueled maneuvers.   
With the exception of the VISIT9,10,11,12 cyclers, and two cyclers presented in 
Ref. 30, previously documented cyclers use generic return transfers for the Earth-Mars 
transit legs.  The current study includes both generic returns and full-rev returns as 
transit legs.  This increases the solution space and gives additional options for important 
cycler properties such as Earth-Mars transfer times and hyperbolic energy at Mars.  
While half-rev returns are useful in this study as loitering orbits, they are not considered 
as potential transit legs because most half-rev returns occur out of the ecliptic plane, and 
thus, have no opportunity to encounter Mars. 
The first section discusses the primary motivation for this chapter and presents a 
sampling of expected results.  The second section defines an idealized Earth-Mars free-
return cycler and is followed by a section that outlines the problem statement. The next 
section gives background information on several combinatorics problems that will be 
useful in finding all feasible combinations of free-returns that can be patched together to 
form cyclers.  The following section gives a detailed overview of the solution method 
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including algorithms, examples, and post-processing techniques.  The Results section 
catalogues 174 purely ballistic cyclers and twenty-nine very-near-ballistic cyclers with 
forty-nine different values of v∞ at the Earth.  The method finds all useful one-, two-, 
and three-synodic period cyclers.  The resulting patched trajectories are documented 
using a new nomenclature for free-return cyclers introduced in Ref. 25.  Previously 
documented cyclers are noted and promising new cyclers are discussed.   
4.3 MOTIVATION AND A SAMPLING OF EXPECTED RESULTS 
The primary motivation for this chapter is to extend the results of Chapter 3 with 
regard to the following two topics:  1) Remove the limitation that multiple generic 
returns must be identical.  2) Include the possibility for the half- and full-rev returns to 
make multiple revolutions around the sun.   
The first topic is deemed valuable based on the success in Ref. 15, where several 
promising two synodic period cyclers are discovered composed only of non-identical 
generic returns.  It is reasonable to assume then, that other cyclers composed of non-
identical generic returns exist perhaps including nπ returns and/or with a period of 
three-synodic periods.   
The second topic is an application of the generalized free-return solutions given 
in Chapter 2.  Applications for free-returns include any flyby missions that require 
consecutive encounters with the same body.  In particular, cycler missions are excellent 
candidates because free-returns orbits are often used to satisfy the periodic time 
constraints.8,17,19  The half and full-rev free-returns in Chapter 3 are limited to π and 2π 
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transfers with half- and full-year times of flight respectively.  The following analysis 
demonstrates how some  of the resulting cyclers from Chapter 3 can be improved when 
including this more generalized definition for the nπ transfers.  The remainder of the 
Chapter will develop from scratch a new technique to systematically search the entire 
newly defined solution space in a global search for idealized free-return Earth-Mars 
cyclers. 
A majority of the solutions from Chapter 3 require multiple consecutive 1π and 
2π transfers that each must be patched with an Earth flyby.   In many cases, several of 
the flybys become unnecessary if the nπ transfers are considered.  The first four entries 
in Table 4.1 illustrate a few favorable examples.  Take Cycler 4.11.1.-2 as an example.  
The second number, 11, indicates that the cycler must loiter at the Earth for eleven half-
years before re-initiating the next cycle.  In the method outlined in Chapter 3, the 
optimized solution is to perform four one-year transfers with three half-year transfers in 
the middle, all patched by Earth flybys.  Alternatively, using the generalized definition 
for a half-rev transfer outlined in Chapter 2, the seven free-return trajectories can be 
replaced with one 5.5-year half-rev return.  Although the required turning angle 
increases to 107o, it still requires an Earth flyby altitude above 200 km.  Because the 
half-rev loitering orbit is not used for the Earth-Mars transfer, the energy characteristics 
of the cycler remain the same.  On the contrary, the last two entries in Table 4.1 use 
three-year full-rev transfers in the ecliptic plane for the Earth-Mars transfer legs.  Thus, 
the v∞’s at Mars are different, and significantly better in these cases, from the similar 
 100
cyclers reported in Chapter 3.  Cycler 4.13.1.-1 has a 40% decrease in v∞ at Mars while 
increasing the transit time by only 3 days.  Cycler 4.11.1.-4 did not come close to Mars 
using the methods described in Chapter 3, thus it was not reported.  However, using the 
general nπ transfers, a very attractive solution was found with a short transit time and 
low terminal speeds. 
Table 4.1 Examples of improved solutions to cyclers documented in Chapter 3. 
Cycler  previous/ new 
v∞ Earth 
(km/s) 





Sequence of n 
half-year transfers 
patched by flybys 
Turning Angle 
for 200 km alt. 
flyby (deg) 
Max Turning  
Angle Req. 
(deg) 
aCycler 2.5.1.+0 previous 7.8 9.9 94 2-1-2 60 54 
 new 7.8 9.9 94 5 60 61 
aCycler 3.5.1+1 previous 5.4 9.2 115 2-1-2 84 73 
 new 5.4 9.2 115 5 84 69 
aCycler 3.9.1.+0 previous 5.4 9.2 116 2-2-1-2-2 84 72 
 new 5.4 9.2 116 9 84 82 
aCycler 4.11.1.-2 previous 3.6 4.7 195 2-2-1-1-1-2-2 111 70 
 new 3.6 4.7 195 11 111 107 
aCycler 4.13.1.-1 previous 5.5 9.3 137 2 -2-2-1-2-2-2 84 72 
 new 5.5 5.6 140 4-1-2-6 84 79 
bCycler 4.11.1.-4 previous - - - - - - 
 new 3.8 4.8 168 2-6-2-1 108 87 
      aSolutions documented in Chapter 3 ,  bSolution found using methods outlined in Chapter 3 does not reach Mars. 
 
 
A full understanding of Table 4.1 requires a thorough reading of the preceding 
chapters of this text.  However, the purpose of this section is not to detail the origin of 
the solutions, but rather to illustrate an example application of the mission planning tool 
developed in Chapter 2 as seen in Figure 2.22.   
The rest of this chapter will present a new technique that uses the solutions 
presented in Chapter 2 to the search the entire meaningful solution space of idealized 
free-return Earth-Mars cyclers. 
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4.4 IDEALIZED FREE-RETURN CYCLER DEFINITION 
Similar to the previous chapter, an idealized free-return Earth-Mars cycler is 
defined to be a cycler in an ideal solar system that is composed of a sequence of Earth-
Earth free-return trajectories patched together with Earth gravity-assisted flybys.  The 
circular-coplanar solar system is described in Section 3.3.  The following chapter will 
seek analogous “real-world” solutions based on the initial guesses from the simple 
model solutions. 
4.5 PROBLEM SETUP 
The purpose of this chapter is to globally identify all useful ballistic idealized 
free-return Earth-Mars cyclers, where a cycler is characterized as ballistic if all of its 
flybys require altitudes greater than 200 km.  The goal is to identify all possible 
combinations of free-return trajectories that can be patched together to form cyclers.  
This chapter is based heavily on the results from Ref. 30, or Chapter 2 of this text, 
where the three types of free-returns are discussed in detail.  The primary result of 
Chapter 2 is a reliable and robust method for systematically obtaining all half-rev, full-
rev, and generic returns that have a given value of  v∞  at Earth.   
Figure 4.1 is an example velocity diagram that visually displays all the free-
return solutions for a circular Earth and v∞=0.1838 AU/TU.  It is identical to Figure 
2.22 with the exception that each full-rev circle and set of half-rev points can only 
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represent one solution with a particular time of flight.  Of course in the simple solar 
system model, if a spacecraft is on a one year full-rev return and does not perform a 
maneuver upon returning to Earth, then of course,  it will return again after two years 
making it a two year solution also.  However, for applications of this chapter, this case 
can be ignored because it is identical to the case of back-to-back one year solutions, 
which will be included in the march through the solution space.  The same is true for 
half-rev points.  Again, for purposes of this chapter, only one time of flight is associated 
with each set of half-rev points. 
 
Figure 4.1:  Example v∞ diagram with free-return solutions for |v∞|=0.1838 AU/TU 
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For cyclers composed only of Earth-Earth free-return trajectories, each leg 
begins and ends at the Earth.  As Chpater 3 discusses, in order to patch all of the legs 
with flybys, the value of  v∞  at Earth must match for all incoming and outgoing legs.  
Due to symmetry, when the Earth is in a circular orbit, v∞ at the end of a leg is identical 
to v∞ at the beginning for any free-return.  Figure 4.1 shows the outbound v∞ solutions 
that lead to all three types of free-returns for a given v∞.  Table 4.2 summarizes how to 
obtain the inbound x, y, and z components of v∞ based on the outbound x, y, and z 
components of v∞ for a particular leg.  The main point is that all inbound and outbound 
magnitudes of v∞ at Earth are identical.  Thus, all inbound and outbound v∞ vectors 
before and after each flyby for the entire cycler lie on the same v∞ sphere.   
Table 4.2: Inbound v∞ for free-returns a 
Free-return type v∞ in  x v∞ in  y v∞ in  z 
Half-revolution -v∞ out  x -v∞ out  y v∞ out  z 
Full-revolution  v∞ out  x v∞ out  y v∞ out  z 
Generic -v∞ out  x v∞ out  y v∞ out  z 
  in direction of ,   in direction of a E Ex r z v
^ ^
 
Given a diagram similar to Figure 4.1 and the information in Table 4.2, all of the 
required turning angles on any v∞ sphere can be easily computed for any arbitrary 
sequence of consecutive free-returns, and the v∞ values automatically match.  Note that 
for a particular full-rev circle, one degree of freedom is required, and for a given set of 
half-rev points, the above plane ‘o’ or the or below plane ‘x’ must be chosen to specify 
v∞ out.  A unique diagram similar to Figure 4.1 can be generated for any value of v∞, and 
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clearly the locations of the full-rev circles, sets of half-rev points, and generic dots will 
change for each different v∞.  The times of flight associated with each generic dot will 
also vary.  The problem addressed by this chapter is to find the appropriate values of v∞ 
that have particular sequences of generic, half-rev, and full-rev returns that meet the 
criteria given in Table 4.3. 
Table 4.3: Criteria for a sequence of free-returns to be a ballistic cycler 
 Criteria 
1) all times of flight add up to an integer multiple of the synodic period 
2)  all flybys patching the free-returns require altitudes greater than 200 km 
3) at least one of the legs crosses the orbit of Mars 
 
. 
This is a challenging problem because of the size of the solution space.  For the 
example v∞ of 5.5 km/s shown in Figure 4.1, there are 40 generic return dots, 13 full-rev 
circles, and 5 sets of half-rev points.  If the search were restricted to cyclers containing 
only these solutions with sequences of g-g-f-h (generic-generic-full-half), then there are 
(40)(40)(13)(10)=208,000 possible unique combinations to consider.  Of course this is a 
miniscule subset of all the combinations.  If we considered cyclers with sequences of g-
g-g-f-f-h, then there are 83,200,000 unique combinations to consider, and this, again, is 
only a small subset. 
The first criterion from Table 4.3 is extremely prohibitive, meaning there may 
not be any combinations for a given v∞ that add up to exactly an integer multiple of the 
synodic period.  However, within a small tolerance, for instance 0.01 years, there may 
be several valid combinations.  Therefore, the vast majority of the combinations can 
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immediately be eliminated by examining this timing constraint and its relationship to 
generic and nπ returns. 
A cycler is constrained to have a repeat time that is an integer multiple of the 
synodic period.  If a cycler is to consist of generic returns and any combination of nπ 
transfers, then the total time of flight, TOF, in years for all generic returns is given by 
Eq. (4.1) where p is the integer number of synodic periods, τ is the synodic period, and 
y is the total number of half-years allotted for half- or full-rev transfers. 
TOF= τ p-y/2 (4.1)
All values of y that yield a time of flight greater than 0.876 years for p=1→3 are 
included to compose an exhaustive list of times of flight allotted for generic returns.  
These values are shown below in Table 4.4.  From Chapter 2, all generic returns with 
times of flight less than 0.876 years are simply the Earth’s orbit.  Limiting the search to 
p=1→3, or cyclers with repeat times of one, two, or three synodic periods, is very 
reasonable because only one Mars-Earth or Earth-Mars transit is guaranteed during each 
cycler period.  Thus a three-synodic period cycler typically requires six vehicles to 
maintain an Earth-Mars transit and a Mars-Earth transit every synodic period.   Thus, it 
is desirable for p to be small.   
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Table 4.4:  Total TOF allotted for generic returns, τ = 2.135384 yra 
TOF b 
(allotted for generic returns) p y 
TOF b 
(allotted for generic returns) p y 
0.9062 3 11 2.9062 3 7 
1.1354 1 2 3.2708 2 2 
1.2708 2 6 3.4062 3 6 
1.4062 3 10 3.7708 2 1 
1.6354 1 1 3.9062 3 5 
1.7708 2 5 4.2708 2 0 
1.9062 3 9 4.4062 3 4 
2.1354 1 0 4.9062 3 3 
2.2708 2 4 5.4062 3 2 
2.4062 3 8 5.9062 3 1 
2.7708 2 3 6.4062 3 0 
a based on  Earth and Mars mean semi-major axes, b obtained from Eq. (4.1). 
 
 
From Table 4.4, for up to three-synodic period cyclers, there are 22 time of 
flight values that can be allotted for any number of generic returns.   For each value of 
v∞, it is necessary to check all combinations of the generic return times of flight from a 
diagram similar to Figure 4.1 to the values given in Table 4.4.  If a particular 
combination of k generic returns has a combined TOF within a desired tolerance to the 
ith TOF listed in Table 4.4, then all permutations of the k generic returns and nπ returns 
totaling yi half-years need further evaluation.   All other combinations of the generic 
returns are discarded. 
The idea is to find all v∞ values that lead to ballistic cyclers.  When considering 
all the possible combinations of the generic return solutions and all permutations of the 
remaining good combinations along with the nπ returns totaling y half-years over a 
range of v∞ values, even at large intervals, there are seemingly an infinite number of 
sequences that need evaluation based on steps 2 and 3 from the criteria in Table 4.3.  
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Also, for each sequence, the degree of freedom associated with each full-rev circle must 
be selected such that the maximum turning angle is minimized. 
This large problem can be reduced to a manageable size by efficiently finding 
all meaningful sequences.  The details of this process are outlined in a later section 
titled “Solution Method.”  The next section, however, first gives some pertinent 
background on the field of combinatorics and explains how it will be useful in solving 
this complex problem. 
4.6 COMBINATORICS 
Combinatorics is a branch of mathematics that studies the enumeration, 
combination, and permutation of sets of elements.43,44,45,46,47 Combinatorial optimization 
is the science of selecting particular sets of discrete variables in a manner that optimizes 
some performance index.   In this well-established technical field, typical applications 
include airline scheduling, communication networks, management science, and any 
other business, science, or engineering application dealing with very large discrete 
optimization problems.  
The nature of most problems precludes the possibility of simply enumerating 
(generating) all possible choices and globally selecting the best one.  Branch and bound 
methods, cutting plane techniques, and other classic approaches can be used to find 
locally optimal solutions.  Similar to optimization of continuous variables, most 
techniques cannot guarantee a globally optimal solution.   
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The current problem of selecting particular sequences of direct returns is clearly 
a discrete optimization problem.  However, if a few practical limitations are imposed, 
then the problem can be globally solved with reasonable computational power by 
generating and evaluating all meaningful combinations.   Thus, the combinatorics 
problem becomes one of enumeration rather than a complicated local optimization 
scheme.  The following subsections cover four common topics in combinatorial analysis 
that are encountered in solving the current cycler problem.  An example is presented for 
each topic.  Generating algorithms, for reference, are given in Appendix B.  
4.6.1 General Counting 
Given a vector x with n positive integers, it is desired to generate a matrix 
X(n,m), where each column contains a unique ordered string of n integers.  The ith entry 
can take the value 1→x(i).  There are x(1) choices for the first digit, x(2) choices for the 
second, etc.  Thus, the total number of strings or columns of X is m=x(1)x(2)…x(n-
1)x(n).  An example solution is shown below. 
  
GIVEN:        






1 1 1 1 2 2 2 2
1 1 1 1 1 1 1 1













An odometer is a common application of a general counting mechanism with a 
slightly modified definition.  In the case of an odometer, each entry ranges from 0→9 
instead of 1→x(i).   
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In the context of the cycler application, a general counting routine is necessary 
because, as seen in Figure 2.22, there may be more than one full-rev circle for a given 
time of flight.  Although, not present in Figure 2.22, there also may be multiple sets of 
half-rev points for a given time of flight, and of course, each set has two solutions.  This 
is explained further in a later section. 
4.6.2 n-Tuples 
An “n-tuple”, is a grouping of n elements without regard to order.  For example, 
{1,2,4} and {1,4,2} represent the same 3-tuple.  Given two integers, m and n, it is 
desirable to generate a matrix X(n,q), where each column is an n-tuple, with entries that 
range from 1→m.  The total number of n-tuples43 is q= (m+n-1)!/n!/(m-1)!  
The resulting X containing all the 3-tuples (n=3) of a set with 4 elements (m=4) 
is shown below.  Each n-tuple is arbitrarily written in ascending order.  A generating 
algorithm is given in Appendix B. 
X =
1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 4
1 1 1 1 2 2 2 3 3 4 2 2 2 3 3 4 3 3 4 4











With regard to the current application, an n-tuples routine is needed to find 
groupings of the generic return times of flight that add up to the total times of flight 
given in Table 4.4.  
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4.6.3 Beaded Necklace Problem 
A connected necklace is composed of n beads, and each bead is one of q colors.  
A vector x is given with q positive integers.  The ith entry of x represents the number of 
beads in the necklace associated with the ith color.  Thus, the necklace has x(1) beads of 
the 1st color, x(2) beads of 2nd color, …, and x(q) beads of qth color.   The problem is to 
find all the unique color sequences for the necklace.  Namely, generate a matrix X(n,m), 
where each column contains a unique necklace.  Note, the beads are situated around a 
circle, thus {1,2,3,4} is identical to {2,3,4,1}.  Also, a necklace viewed from the top is 
the same as if viewed from the bottom, thus {1,2,3,4} is identical to {4,3,2,1}.   
If each bead is a different color, for n>2, there are (n-1)!/2 unique necklaces.43  
The example below shows all unique necklaces containing 4 red beads, 2 blue beads, 
and 1 yellow bead.  A generating algorithm is given in Appendix B. 
GIVEN:        ,  ,  
RESULT:     
x
X
= [ ] = =
=
4 2 1 7 3
T
n q
r r r r r r r r r
r r r r r r r r r
r r r y r r y b b
r r y r b b r r r
b b r r r r b r y
b y b b b y r b r
























The current problem of finding combinations of free-returns to form cyclers is a 
perfect application for the beaded necklace problem.  Suppose a sequence of times of 
flight is identified to have a total period that is an integer multiple of the synodic period, 
for instance: TOF={1.465, 1.942, 1, 1, 0.5, 0.5} years.   These times of flight add up to 
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three synodic periods, making any sequence of them eligible to form a cycler.   It is 
necessary, then, to find all cyclical permutations of these free-returns in order to find the 
best order in terms of the maximum required turning angle.   This is exactly analogous 
to the beaded necklace problem, with x = [1 1 2 2], n=6, and q=4. 
4.6.4 Partitions of an integer 
A partition of n is a grouping of positive integers without regard to order that 
has a sum of n.  The partition function, P(n), gives the number of partitions for a 
particular n.   P(n) can be found using a number of methods, including the use of power 
series, recursive functions, and infinite series generating functions.43,44,45,46  
The enumerating generating function for partitions is 
p x x x x x x x xkn
nk












2 2 4 3 61 1 1 + ⋅⋅⋅ ⋅ ⋅ ⋅)
 
(4.2)
This can be used as a brute force method to calculate P(n), because 
p x P n xn
n





Thus, the coefficient of xn in the expansion of the right side of Eq. (4.2) is the 
number of partitions of n.  Of course, only a limited number of product terms from the 
far right side of Eq. (4.2) are necessary to find the coefficient of xn for a given n. 
This series product can also be used to explicitly generate each partition.43  
Rewriting the enumerating generating function  as  
p x x x x x x x x x( ) ( )( )(= + + + + ⋅⋅⋅ + + + + ⋅⋅⋅ + ++ + + + + + +1 1 11 1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 3+ + ⋅⋅⋅ ⋅ ⋅ ⋅+ +x )  
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Expanding each term, maintaining this form of the exponents, and grouping but not 
adding common powers of x gives 
p x x x x x x x x x x( ) = { }+{ }+ +{ }+ + +{ }+ + ++ + + + + + + + +1 1 1 1 2 1 1 1 1 2 3 1 1 1 1 1 1 2 2 2 1 3 4+ ++ +{ }+ ⋅⋅⋅x x  
Each term represents one partition.  Thus, the two partitions of two are 1-1 and 
2; the three partitions of three are 1-1-1, 1-2, and 3; the five partitions of four are 1-1-1-
1, 1-1-2, 2-2, 1-3, and 4, and so on.  Therefore, Eq. (4.2) can be used to enumerate 
individual partitions and to find P(n).  Other simpler methods of partition enumeration 
yield easily programmable algorithms.45,47 
In regards to the current application, suppose a cycler performs one or more 
generic returns and has n half-years before needing to initiate the next cycle.  
Generating all of the partitions of n gives every possible combination of half- and full-
rev returns that have a combined time of flight of n half-years. For example, if n=3, 
from above we see that the only three combinations of half-years that need 
consideration are 1-1-1, 1-2, and 3.  For the scope of this study, n=11, is the largest 
integer that needs partitioning.  The first eleven function evaluations for P(n) are {1, 2 , 
3, 5, 7, 11, 15, 22, 30, 42, 56}, and the actual partitions for n=1→11 are given in 
Appendix B in Table B1.   
4.7 SOLUTION METHOD 
In this section, the solution method is presented by examining in detail an 
example branch of the solution space tree, from the original selection of v∞ at Earth to 
the final minimax optimization problem.  As mentioned previously, the purpose of this 
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study is to find all feasible ballistic Earth-Mars free-return cyclers by marching through 
and evaluating all possible permutations of generic, half-, and full-rev returns.  In total, 
the method requires the evaluation of billions of branches, with almost two million 
requiring the solution to a minimax problem.  The main algorithm and all necessary 
post-processing steps are outlined. 
4.7.1 Main Algorithm and Explanation 
1.           Select a value for v∞ at Earth.  The algorithm examines all values of v∞ at 
Earth considered desirable for a Earth-Mars cyclers.  In this study, all v∞ values 
from 2.5→10 km/s, at intervals of 0.0025 km/s are considered.  The lower 
bound was chosen because a Hohman transfer to Mars requires 2.9 km/s, and the 
upper bound was chosen arbitrarily to be the largest desirable excess velocity at 
Earth.  For illustration purposes, an example value of 5.5 km/s is chosen to be 
consistent with Figure 4.1 
2.           From Chapter 2, calculate and store the locations and pertinent 
information for all full-rev circles and sets of half-rev points for the current v∞.  
From Table 4.4, eleven half-years is the upper bound for times of flight allotted 
for nπ returns when considering cyclers of three synodic periods or less.  
Therefore, it is only necessary to find the nπ return solutions for times of flight 
up to 11 half-years.  For the arbitrary v∞ value of 5.5 km/s, these are illustrated 
in Figure 4.1. 
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3.           Create a vector with 11 entries, representing 1-11 half-years.  The ith entry 
of h is equal to the number of Earth to Earth solutions with a TOF of i/2 years 
for the current value of v∞.  Call this vector h, where h represents half-year.  
Each set of half-rev points has an above-plane and below-plane solution.  Thus, 
h(1), h(3), h(5), …,  h(11) are even-valued.  For the current example, h=[2 1 0 2 
2 2 2 2 2 4 2], meaning there are two 0.5-year solutions, one 1-year solution, 
zero 1.5-year solutions, two 2-year solutions, etc.  As mentioned previously, in 
Figure 4.1, unlike Figure 2.22, any particular full-rev circle or set of half-rev 
points has only one associated time of flight.   
4.           From Chapter 2, calculate and store the locations and all pertinent 
information for all generic return solutions for the current v∞.  In order to 
improve the accuracy of the solutions, the current study takes the linearly 
interpolated solutions obtained from the solution method in Chapter 2, and uses 
them as initial guesses in a one-dimensional solver that fixes v∞ and iterates on 
TOF and ψ in a Keplerian integration until the trajectory re-encounters Earth to 
a desired tolerance.  For v∞ =5.5 km/s, from Figure 4.1, there are forty solutions, 
each with a different time of flight.   The solutions are numbered and listed in 
Table 4.5.  
 115
 
Table 4.5:  Generic return solutions for |v∞|=5.5 km/s (0.1838 AU/TU) 







1 1.348 11 3.146 21 4.199 31 5.236 
2 1.467 12 3.209 22 4.279 32 5.326 
3 1.920 13 3.402 23 4.411 33 5.417 
4 1.938 14 3.520 24 4.529 34 5.534 
5 2.049 15 3.706 25 4.657 35 5.622 
6 2.074 16 3.782 26 4.745 36 5.718 
7 2.387 17 3.922 27 4.836 37 5.783 
8 2.505 18 3.941 28 4.881 38 5.842 
9 2.780 19 4.052 29 5.112 39 5.922 
10 2.837 20 4.075 30 5.160 40 5.943  
 
5.           Use the “n-tuple” routine to find all n-tuples of the generic return solution 
set, for n=1→4.  Limiting the search to only include cyclers with four or less 
generic returns is a practical limitation that dramatically decreases the runtime 
of the algorithm without sacrificing much in terms of results.  A one-, two-, and 
three-synodic period cycler has a period of approximately 2.14, 4.27, and 6.41 
years respectively.  From Chapter 2, the shortest time of flight for a generic 
return that is different from the Earth’s orbit is 0.876 years.  Thus, the maximum 
number of generic solutions during a one-, two-, and three-synodic period cycler 
is two, four, and seven respectively.  Thus, for a three-synodic period cycler, it 
is possible, although unlikely, to have up to seven generic returns.  However, in 
this example, from Table 4.4, the shortest time of flight solution is 1.358 years.  
Thus, any combination of more than four of the solutions has a total time of 
flight greater than three synodic periods.  This limitation is also deemed 
reasonable in retrospect, because the results will show no ballistic cyclers 
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consisting of four generic returns although all combinations were thoroughly 
investigated.  Continuing with the example, there are (40+n-1)!/n!/(40-1)!  
n-tuples.  This amounts to 40, 820, 11480, and 123410 combinations when n is 
1, 2, 3, and 4 respectively, totaling 135750 combinations to consider.   
6.           Check the sum time of flight for each of the n-tuples against each time of 
flight given in Table 4.4.  If there is a match to within a given tolerance, record 
the n-tuples and the matching information from Table 4.4.  The ∆t tolerance 
should be sufficiently large such that when v∞ is incremented, no solutions are 
missed, but sufficiently small such that every n-tuple is not considered a good 
solution.   Tolerance values of 0.01-0.04 yr are found to be reasonable.  For the 
current example, of the 135750 n-tuples, there are 79 with ∆t less than 0.04 yr.   
Table 4.6 lists a selected few.  The τ′ value is the synodic period necessary for 
the particular combination of free-returns to be a cycler, and is obtained from 
τ′=  τ -∆t/p. 
Table 4.6:  Good n-tuples 
n-tuple  Total TOF 
a 
(yr) 




 b y b τ′ c 
… … … … … … … 
{3} 1.9200 1.9062 0.0139 3 9 2.131 
{1,3} 3.2678 3.2708 -0.0030 2 2 2.137 
{1,6} 3.4216 3.4062 0.0154 3 6 2.130 
{4,4} 3.8758 3.9062 -0.0304 3 5 2.146 
{1,1,12} 5.9045 5.9062 -0.0017 3 1 2.136 
{2,2,2,2} 5.8671 5.9062 -0.0391 3 1 2.148 
… … … … … … … 
a from Table 4.5.      b from Table 4.4.     c the true Earth-Mars synodic period  is  τ = 2.135 yr.  
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7.           All good n-tuples need evaluation.  For the current example, of the 79 
good combinations, the bold n-tuple from Table 4.6 is considered further. This 
row indicates that the first and sixth generic return solutions from Table 4.5 
combine with six half-years allotted for nπ returns to a total time of flight near 
three synodic periods.  The next task is to use the partition routine to find all 
integer partitions of six in order to find all combinations of nπ returns that have 
a total time of flight of six half-years.  Table B1 in Appendix B lists all the 
partitions of six.  In order for a specific partition of six to be a valid sequence of 
nπ returns for this problem, clearly, a solution must exist for each of the nπ 
returns in the sequence for the current value of v∞.  Recalling step 3 above, the h 
vector for v∞=5.5 km/s is [2 1 0 2 2 2 2 2 2 4 2].  Thus, the partition {3,3} of six 
is not valid because h(3)=0, meaning there is no solution for a 3/2 year nπ return 
when v∞=5.5 km/s.  Based on the current h vector and the y value from the 
current good n-tuple being evaluated, generate a list of all valid partitions of y.  
For the current example, this list is {6}, {5, 1}, {4, 2},  {4, 1, 1}, {2, 2, 2}, {2, 2, 
1, 1}, {2, 1, 1, 1, 1}, and {1, 1, 1, 1, 1, 1}. 
8.           All valid partitions need evaluation.  For the current example, of the eight 
valid partitions, {2, 2, 1, 1} is considered further.  The same string represented 
in years rather than half-years is {1, 1, 0.5, 0.5}.  The current n-tuple of generic 
returns is {1, 6}.  Represented in times of flight in years, this is {1.348, 2.074}.  
Next, combine these to create one string representing a unique combination of 
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times of flight for free-returns that can be patched together to form a cycler.  
This combined string is {1.348, 2.074, 1, 1, 0.5, 0.5}.  Use the beaded necklace 
routine to find all unique cycler permutations of the string.  This is analogous to 
finding all the unique necklaces using one red bead, one blue bead, 2 yellow 
beads, and 2 green beads.  Thus, 
x
X
= [ ] = =
=
1 1 2 2 6 4
1 35
T
,  ,  
1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.3
n q
. 5 1.35 1.35 1.35 1.35 1.35 1.351.35
2 07 2 07 2 07 0 5 2 07 2 07 0 5 2. . . . . . . .07 0 5 0 5 1 1 1 1 1
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. .
. . . . . . . . . . .
0.5
1 07 0 5
1 0 5 1 1 0 5 1 1 0 5 0 5 2 07 1 0 5 2 07 0 5 2 07
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.
. . . . . . . . .
. . .
2.07
0 5 1 1 1 0 5 1 1 0 5 0 5
0 5 0 5 0 5 0 5 1 1 1 1 1 1 0 5 0 5 0 5 1 1
. . . .























9.           The 16 columns of X represent all unique cyclic permutations of the 
numbers {1.348, 2.074, 1, 1, 0.5, 0.5}.  Each of the 16 columns needs 
evaluation.  One effective method of reducing the size of the solution space is to 
ignore any solutions with back-to-back 0.5-year solutions.  Nothing is lost 
because, as Chapter 3 explains, these cases are not feasible in the true solar 
system.  Furthermore, back-to-back above or below plane 0.5-year solutions are 
simply a restricted case of a 1-year full-rev solution which will eventually be 
evaluated anyway. Returning to the current example, the bold column is 
considered further.  Now using the h vector, create a new integer vector, xns, 
with entries representing the number of solutions for the ith TOF from the 
current cyclic permutation.  The subscript, ns, represents number of solutions.  
Each generic return TOF will have a 1 associated with it, and the number of 
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solutions associated with the half- and full-rev TOFs are found in h.  For the 
current example, this vector is , xns=[1  1  1  2  1 2]T, representing the number of 
solutions associated with each member of the cyclic permutation {1.348, 0.5, 1, 
2.074, 1, 0.5}.  Give xns as input to the general counting routine.  For the current 


































1 2 2  
However, for a general case, there are x(1)x(2)…x(n) sequences to consider, 
which could range anywhere from one to several hundred. 
10.           Again, each of the columns of X, or each ordered combination that results 
from the general counting routine needs evaluation.  For the sake of this 
example, the bold column is considered further.  The active cyclic permutation 
is still {1.348, 0.5, 1, 2.074, 1, 0.5}.  The sequence {1, 2, 1, 1, 1, 1} indicates to 
use the first solution for each of the legs except on the second leg use the second 
solution.  Remember, all generic returns will have only one solution.  All full-
rev returns may have several associated full-rev circles.  If there is more than 
one, the number in the general counting sequence indicates which circle to use, 
in ascending order of latitude.  All half-rev returns may have multiple sets of 
half-rev points.  If there is more than one set, the number in the general counting 
sequence indicates which set to use, again, in ascending order of latitude.  An 
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above or below plane solution is indicated by an odd or even number 
respectively.  Since the second leg in the current example is a half-rev return, the 
2 in the general counting sequence indicates the below plane solution of the first 
set of half-rev points.  Note, if there were two sets of half-rev points for the 
associated time of flight, a 3 or 4 would indicate the above or below plane 
solution respectively on the second set.   
          Returning to the v∞ sphere, we now have a specific ordered sequence of 
free-returns.  In order to calculate turning angles required to patch the free-
returns, the only remaining unknowns are the degrees of freedom associated 
with each full-rev return.  The location on each full-rev circle needs 
specification.  The following minimax optimization problem is posed:  Choose 
the longitude value for each full-rev circle, if any, such that the maximum 
turning angle is minimized for the entire cyclic sequence of free-returns.   
          Because each of the unknowns is an angle ranging from 0o→360o, it is 
straight-forward to perform a global grid search at an appropriately small 
interval (15o works well) to select the best combination of unknowns to use as 
an initial guess for any non-linear minimax solver.  For n degrees of freedom at 
an interval of d degrees, the global grid search requires floor(360/d)n maximum 
turning angle function evaluations.  For the current example, there are two full-
rev returns, thus two degrees of freedom are sought, requiring floor(360/15)2 or 
576 function evaluations.  The grid evaluates {0o, 0o}, {0o, 15o}, {0o, 30o}, … , 
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{115o, 0o}, … , {345o, 315o}, {345o, 330o}, {345o, 345o}.  Identify the best 
combination.  
11.           For the current example, the bold pair of unknowns, {115o, 0o}, requires 
the smallest maximum turning angle out of all 576 evaluated.  Use this set of 
unknowns as an initial guess in any non-linear minimax solver.  By performing 
an initial global grid search, the local solution found by the solver is likely the 
global solution as well.  For this example, the longitudes that minimize the 
maximum turning angle are {109.4o, 1.566o}.  There are six turning angles 
required to patch the six legs into a cycler.  The turning angles in degrees are 
{88.7o, 88.7o, 19.3o, 87.2o, 71.7o, 88.0o}.  The ith turning angle in the sequence 
patches the ith leg with the (i-1)st leg, except the first turning angle patches the 
first and last legs.  The incoming v∞ for each of the legs is found using the 
outgoing v∞ and Table 4.2.  Figure 4.2 illustrates the incoming and outgoing v∞ 
for each of the legs.  The gravity assisted flybys rotate the incoming v∞ on ith leg 
to become the outgoing v∞ on (i+1)st leg.  The minimax problem, in this 
example, chooses the v∞ location of the third and fifth legs on the one-year full-
rev circle such that the maximum of the required six turning angles is 
minimized.  As is common with most minimax problems, a range of solutions 
may exist that have the same minimized performance index.  However, the non-
linear minimax solver used for this study, VG12 from the Harwell Subroutine 
Library48, returns discrete minimized solutions.  Thus, while the solution shown 
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in Figure 4.2 is indeed a local minimum, there may be other solutions in the 
same neighborhood with the same minimized maximum turning angle. 
 
Figure 4.2:  Velocity diagram for the discussed example cycler 
 
12.           If the maximum turning angle is less than the maximum allowed turning 
angle and at least one of the legs (in the ecliptic) reaches the orbital radius of 
Mars, then record all of the information along with the ∆t value from Table 4.6.  
For the current example, the fourth leg, or the 2.07 yr generic return, has an 
aphelion of 2.19 AU, well beyond the radius of Mars, and the maximum turning 
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angle is 88.7o, while the turning angle at Earth for v∞ of 5.5 km/s and a 200 km 
altitude is 83.7o.  Thus, the current cycler is not quite ballistic because it requires 
Earth flybys with altitudes below 200 km.  Remember, from Table 4.6, the ∆t 
value of 0.0154 yr indicates the current cycler exists only if the synodic period 
between Earth and Mars is 2.130 yr, which is slightly different from the more 
accurate value of 2.13538546 yr. 
4.7.2 Post-processing 
After the algorithm has run for the entire range of v∞, a long list is compiled of 
the ballistic cyclers, each with their associated v∞, ∆t, and other pertinent information.  
Table 4.7 illustrates an example list.  When v∞ is incremented by a small amount, the 
same cyclers will reappear with slightly different values for ∆t.  The similar cyclers are 
then placed into common bins as illustrated in Table 4.8.   
There are many ways to rearrange the original list into families of cyclers.  The 
idea is to group cyclers that have identical sequences of free-returns, with the only 
difference being the slight difference in the generic return times of flight.   The 
characterizing values for each family is an integer array of an ordered set of numbers 
that uniquely identify each family.  The array should include the order and times of 
flight in half-years for each of the nπ returns, the order and integer valued qualities of 
each generic return (such as number of revolutions and if it is a fast or slow solution), 
which leg is used for the Earth-Mars transfer, and lastly the active column of the general 
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counting routine matrix indicating which of the solutions to use if there are multiple 
solutions for any of the nπ returns. 










… … … … 
5.32 0.020 A … 
5.32 -0.008 B … 
5.32 0.003 C … 
… … … … 
5.33 0.022 A … 
5.33 -0.007 B … 
5.33 0.001 C … 
… … … … 
5.34 0.024 A … 
5.34 -0.006 B … 
5.34 -0.001 C … 
… … … … 
5.35 0.026 A … 
5.35 -0.005 B … 
5.35 -0.003 C … 
… … … …  
Table 4.8:  Rearranged list  









… … … … 
5.32 0.020 A … 
5.33 0.022 A … 
5.34 0.024 A … 
5.35 0.026 A … 
        
5.32 -0.008 B … 
5.33 -0.007 B … 
5.34 -0.006 B … 
5.35 -0.005 B … 
         
5.32  0.003 C … 
5.33  0.001 C … 
5.34 -0.001 C … 
5.35 -0.003 C … 
         
… … … …  
 
Each of the families is then examined for a switching sign of ∆t.  If a switch 
occurs, the two boundary cyclers and all of the accompanying information are 
interpolated to a zero ∆t.  This final interpolated cycler has a period that is exactly an 
integer multiple of the Earth-Mars synodic period (to the accuracy of linear 
interpolation).  From Table 4.8, cycler family C experiences a switching sign for ∆t 
over the range shown from v∞ of 5.32  to 5.35 km/s.  Thus, cycler family C has a 
ballistic cycler for the true Earth-Mars synodic period with v∞ = 5.335 km/s. 
4.7.3 Using full-revolution returns for the Earth-Mars transfers 
Earth-Mars transfers must occur on legs in the ecliptic plane.  Therefore, all 
generic returns and all nπ returns with longitudes of 0o or 180o are eligible to be a 
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transit leg if the aphelion is greater than the radius of Mars.  The algorithm presented, 
however, only identifies cyclers using generic return transit legs.  Half-rev returns exist 
in the ecliptic plane only for a handful of distinct values of v∞, and it is unlikely that 
those values also correspond exactly with generic returns that add up to an integer 
multiple of the synodic period.  However, all full-rev returns can exist in the ecliptic 
plane if the longitude degree of freedom is specified as  0o or 180o.   
In order to find solutions with full-rev return transit legs, the existing algorithm 
needs a simple modification.  For each full-rev return in a final sequence, check to see if 
the aphelion reaches Mars when constrained to be in the ecliptic.  If true, constrain the 
degree of freedom associated with that full-rev return to be 0o and 180o respectively, 
then choose the remaining degrees of freedom to minimize the maximum turning angle 
of the sequence.  Thus, the minimax problem is additionally solved twice, each time 
with (n-1) degrees of freedom, where n is the number of full-rev returns in the 
sequence. 
4.8 RESULTS 
The described algorithm was modified to find all cyclers using generic and full-
rev transit legs simultaneously.  Of the hundreds of thousands of minimax problems 
posed and solved, Table 4.9 through Table 4.12 present all of the ballistic solutions.  
Again, this means that the patched trajectories encounter Mars and all required turning 
angles are less than that required for a 200 km altitude flyby.   The solutions are valid 
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for a circular-coplanar Earth-Mars solar system with a synodic period of the true Earth-
Mars system.   
Each solution is characterized by v∞ at Earth and Mars, Earth-Mars transit times 
(outgoing), Mars-Earth transit times (incoming), the aphelion of the transit leg, the turn 
ratio or ratio of the maximum allowed to the maximum required turning angle, and a 
sequence of descriptor strings for each leg of the cycler.  All legs reported are Earth-
Earth free-returns.  The transit times and Mars v∞ are calculated using the designated 
transit leg, as indicated by an uppercase descriptor letter.  Note, for these cyclers only 
one Mars encounter is guaranteed during each cycler period.  Therefore, a given cycler 
of this class must be designated as an inbound or outbound cycler.  The transit aphelion 
is important because this must be greater than the radius of Mars in order for an 
encounter to be possible.  A turn ratio, TR, greater than 1 indicates that all required 
flybys have altitudes greater than 200 km.   
The descriptor strings for each Earth-Earth leg originate in Ref. 25, where a 
standardized nomenclature for cyclers is presented.  The purpose of the naming system 
is to provide an efficient means of describing these complicated trajectories uniquely.  
Given the definitions outlined in Ref. 25, and a descriptor string for each leg of an 
arbitrary cycler, all of its characteristics can be calculated and the entire trajectory can 
be systematically reproduced.   
The details are left out of the present discussion; however, a few items warrant 
mentioning.  There are three types of descriptor strings, one for each of the three types 
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of free-returns.  Each string type begins with a letter indicating either half-rev, full-rev, 
or generic return.  An uppercase letter indicates that the transit times and Mars v∞ were 
calculated using this leg.  In all three cases, the first number in the parenthesis is the 
time of flight in years for that Earth-Earth leg.  The number following the colon in the 
full-rev strings represent the number of revolutions by the spacecraft, thus the full-rev 
return is an M:N resonant orbit.  All angled arguments are given in degrees.  If more 
than one of the strings in a cycler description has a plus or minus value as one of its 
arguments, then all permutations of the plus and minus are valid.  All subscripts 
mentioned in Ref. 25 are left as normal text to ensure readability. 
For short hand purposes, when discussing a cycler from Table 4.9 through Table 
4.13, the form v∞E xx…x will be used where x is the first letter of each leg descriptor.  
Additional information can be added if necessary to distinguish between any two 
cyclers.   










(AU) TR Leg 1 Leg 2 Leg 3 Leg 4 
4.99 a 5.10 150 150 1.64 2.65 g(1.4612,526.02,Ll) G(2.8096,651.46,U)   
8.05  10.02 93 93 2.19 1.45 g(1.4951,538.24,Ll) G(1.7757,279.24,U) f(1:1,74.468,-180.000)  
8.16 b 10.06 92 92 2.20 1.08 G(1.7708,277.48,U) f(1:1,74.244,143.198) h(0.5,0,U,+-15.756) f(1:1,74.244,-36.802) 
9.35 a 10.52 85 85 2.21 1.70 G(1.7238,260.58,U) g(2.5469,916.9,L)   
a documented in Ref. 15.  b documented in Chapter 3. 
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(AU) TR Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 6 
3.34 4.53 188 188 1.62 1.24 g(2.4096,867.45,Ls) h(0.5,0,Ls,+-6.428) G(2.9966,718.76,U) h(0.5,0,U,+-6.428)   
3.34 4.53 188 188 1.62 1.16 g(2.4096,867.45,Ls) G(2.9966,718.76,U) f(1:1,83.572,1.223)    
3.36  4.52 185 185 1.62 1.11 G(2.9808,713.1,U) g(3.4253,1233.11,Ls)     
3.36 4.56 191 191 1.62 1.26 g(1.4433,519.59,Ll) h(0.5,0,Ll,+-6.477) g(1.4433,519.59,Ll) G(3.0195,727.04,L)   
3.41 4.53 182 182 1.62 1.42 g(1.4438,519.75,Ll) f(1:1,83.444,0.000) G(2.9624,706.46,U) f(1:1,83.444,180.000)   
3.41 4.53 182 182 1.62 1.42 g(1.4438,519.75,Ll) G(2.9624,706.46,U) f(1:1,83.444,179.992) f(1:1,83.444,103.758)   
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) G(2.9624,706.46,U) h(0.5,0,U,-6.556) f(1:1,83.444,-1.701) h(0.5,0,U,-6.556)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) G(2.9624,706.46,U) h(0.5,0,U,-6.556) f(1:1,83.444,-173.985) h(0.5,0,U,6.556)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) G(2.9624,706.46,U) h(0.5,0,U,6.556) f(1:1,83.444,1.379) h(0.5,0,U,-6.556)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) G(2.9624,706.46,U) h(0.5,0,U,6.556) f(1:1,83.444,2.175) h(0.5,0,U,6.556)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) h(0.5,0,Ll,-6.556) G(2.9624,706.46,U) h(0.5,0,U,-6.556) f(1:1,83.444,-177.279)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) h(0.5,0,Ll,-6.556) G(2.9624,706.46,U) h(0.5,0,U,6.556) f(1:1,83.444,88.162)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) h(0.5,0,Ll,6.556) G(2.9624,706.46,U) h(0.5,0,U,-6.556) f(1:1,83.444,-174.467)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) h(0.5,0,Ll,6.556) G(2.9624,706.46,U) h(0.5,0,U,6.556) f(1:1,83.444,96.297)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) h(0.5,0,Ll,-6.556) G(2.9624,706.46,U) f(1:1,83.444,98.343) h(0.5,0,U,-6.556)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) h(0.5,0,Ll,-6.556) G(2.9624,706.46,U) f(1:1,83.444,-175.616) h(0.5,0,U,6.556)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) h(0.5,0,Ll,6.556) G(2.9624,706.46,U) f(1:1,83.444,90.849) h(0.5,0,U,-6.556)  
3.41 4.53 182 182 1.62 1.22 g(1.4438,519.75,Ll) h(0.5,0,Ll,6.556) G(2.9624,706.46,U) f(1:1,83.444,-175.770) h(0.5,0,U,6.556)  
3.42 4.59 193 193 1.62 1.41 g(1.37,493.2,Ls) f(1:1,83.421,179.999) G(3.0362,733.02,L) f(1:1,83.421,-0.003)   
3.42 4.59 193 193 1.62 1.27 g(1.37,493.2,Ls) G(3.0362,733.02,L) f(1:1,83.421,3.535) f(1:1,83.421,1.682)   
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) G(3.0362,733.02,L) h(0.5,0,L,-6.579) f(1:1,83.421,176.774) h(0.5,0,L,-6.579)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) G(3.0362,733.02,L) h(0.5,0,L,-6.579) f(1:1,83.421,2.456) h(0.5,0,L,6.579)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) G(3.0362,733.02,L) h(0.5,0,L,6.579) f(1:1,83.421,4.542) h(0.5,0,L,-6.579)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) G(3.0362,733.02,L) h(0.5,0,L,6.579) f(1:1,83.421,1.657) h(0.5,0,L,6.579)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) h(0.5,0,Ls,-6.579) G(3.0362,733.02,L) h(0.5,0,L,-6.579) f(1:1,83.421,0.808)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) h(0.5,0,Ls,-6.579) G(3.0362,733.02,L) h(0.5,0,L,6.579) f(1:1,83.421,4.560)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) h(0.5,0,Ls,6.579) G(3.0362,733.02,L) h(0.5,0,L,-6.579) f(1:1,83.421,-88.182)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) h(0.5,0,Ls,6.579) G(3.0362,733.02,L) h(0.5,0,L,6.579) f(1:1,83.421,2.896)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) h(0.5,0,Ls,-6.579) G(3.0362,733.02,L) f(1:1,83.421,4.744) h(0.5,0,L,-6.579)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) h(0.5,0,Ls,-6.579) G(3.0362,733.02,L) f(1:1,83.421,-87.155) h(0.5,0,L,6.579)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) h(0.5,0,Ls,6.579) G(3.0362,733.02,L) f(1:1,83.421,4.125) h(0.5,0,L,-6.579)  
3.42 4.59 193 193 1.62 1.22 g(1.37,493.2,Ls) h(0.5,0,Ls,6.579) G(3.0362,733.02,L) f(1:1,83.421,-88.190) h(0.5,0,L,6.579)  
3.45 a 4.54 180 180 1.62 1.22 G(2.9531,703.11,U) g(2.9531,703.11,U) h(0.5,0,U,+-6.631)    
3.64 4.59 175 175 1.62 1.62 g(2.4845,894.42,Ll) G(2.9217,691.79,U) f(1:1,82.995,-180.000)    
3.64 4.59 175 175 1.62 1.18 g(2.4845,894.42,Ll) h(0.5,0,Ll,+-7.005) G(2.9217,691.79,U) h(0.5,0,U,+-7.005)   
3.77 4.63 171 171 1.62 1.76 G(2.9062,686.21,U) h(3.5,3,U,+-2.022)     
3.77 a 4.63 171 171 1.62 1.63 G(2.9062,686.21,U) f(1:1,82.747,156.413) h(0.5,0,U,-7.253) f(1:1,82.747,-90.000) f(1:1,82.747,-23.587)  
3.77 a 4.63 171 171 1.62 1.63 G(2.9062,686.21,U) f(1:1,82.747,-156.413) h(0.5,0,U,7.253) f(1:1,82.747,23.587) f(1:1,82.747,0.704)  
3.77 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,-7.253) f(3:2,86.818,-175.066)    
3.77 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,7.253) f(3:2,86.818,0.461)    
3.77 a 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,-7.253) f(1:1,82.747,-174.308) f(1:1,82.747,100.227) f(1:1,82.747,11.426)  
3.77 a 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,7.253) f(1:1,82.747,0.456) f(1:1,82.747,3.956) f(1:1,82.747,2.974)  
3.77 a 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,-7.253) f(1:1,82.747,2.010) h(0.5,0,U,-7.253) f(1:1,82.747,176.668) h(0.5,0,U,-7.253) 
3.77 a 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,-7.253) f(1:1,82.747,0.004) h(0.5,0,U,-7.253) f(1:1,82.747,176.800) h(0.5,0,U,7.253) 
3.77 a 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,-7.253) f(1:1,82.747,-174.404) h(0.5,0,U,7.253) f(1:1,82.747,1.042) h(0.5,0,U,-7.253) 
3.77 a 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,-7.253) f(1:1,82.747,-173.959) h(0.5,0,U,7.253) f(1:1,82.747,1.221) h(0.5,0,U,7.253) 
3.77 a 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,7.253) f(1:1,82.747,3.410) h(0.5,0,U,-7.253) f(1:1,82.747,1.674) h(0.5,0,U,-7.253) 
3.77 a 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,7.253) f(1:1,82.747,4.371) h(0.5,0,U,-7.253) f(1:1,82.747,2.030) h(0.5,0,U,7.253) 
3.77 a 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,7.253) f(1:1,82.747,1.674) h(0.5,0,U,7.253) f(1:1,82.747,3.117) h(0.5,0,U,-7.253) 
3.77 a 4.63 171 171 1.62 1.16 G(2.9062,686.21,U) h(0.5,0,U,7.253) f(1:1,82.747,176.621) h(0.5,0,U,7.253) f(1:1,82.747,2.992) h(0.5,0,U,7.253) 
3.78 a 4.67 171 171 1.63 1.16 G(5.9062,1406.22,U) h(0.5,0,U,+-7.278)     
3.78 4.63 171 171 1.62 1.81 G(2.9043,685.56,U) g(3.5018,1260.65,L)     
3.80 4.80 199 199 1.63 1.16 g(1.3659,491.72,Ls) g(1.4481,521.32,Ll) h(0.5,0,Ll,+-7.322) G(3.0922,753.18,L)   
4.15 6.71 147 147 1.81 1.45 g(1.4519,522.68,Ll) G(4.9543,1063.54,U)     
4.15 6.74 161 161 1.82 1.16 g(1.3622,490.38,Ls) G(5.044,1095.84,L)     
4.53 6.82 138 138 1.82 1.03 G(4.9062,1046.22,U) h(0.5,0,U,+-8.731) f(1:1,81.269,2.243)    
5.13 9.14 123 123 2.17 1.03 g(1.4626,526.55,Ll) G(1.9718,349.83,U) g(1.9718,349.83,U) f(1:1,80.129,179.998)   
5.22 9.15 120 120 2.17 1.16 G(1.9531,343.11,U) g(1.9531,343.11,U) h(2.5,2,U,+-2.359)    
5.22 a 9.15 120 120 2.17 1.09 G(1.9531,343.11,U) g(1.9531,343.11,U) f(1:1,79.947,170.217) h(0.5,0,U,-10.053) f(1:1,79.947,-9.783)  
5.22 a 9.15 120 120 2.17 1.09 G(1.9531,343.11,U) g(1.9531,343.11,U) f(1:1,79.947,-170.217) h(0.5,0,U,10.053) f(1:1,79.947,9.783)  
5.22 9.16 120 120 2.17 1.17 G(1.9522,342.8,U) g(1.9522,342.8,U) g(2.5017,900.61,L)    
a documented in Chapter 3 . 
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(AU) TR Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 6 
5.25 9.16 120 120 2.17 1.02 G(1.9491,341.67,U) f(1:1,79.896,135.679) g(1.9571,1064.54,U) h(0.5,0,U,-10.104) f(1:1,79.896,-52.281)  
5.25 9.16 120 120 2.17 1.02 G(1.9491,341.67,U) f(1:1,79.896,127.982) g(1.9571,1064.54,U) h(0.5,0,U,10.104) f(1:1,79.896,11.936)  
5.30 9.17 118 118 2.17 1.27 g(1.4646,527.25,Ll) G(1.9416,338.97,U) f(3:2,82.487,118.851)    
5.30 9.17 118 118 2.17 1.13 g(1.4646,527.25,Ll) f(2:1,87.296,-4.285) G(1.9416,338.97,U) f(1:1,79.79,-180.000)   
5.30 9.17 118 118 2.17 1.13 g(1.4646,527.25,Ll) G(1.9416,338.97,U) f(1:1,79.79,180.000) f(1:1,79.79,114.028) f(1:1,79.79,104.278)  
5.30 9.17 118 118 2.17 1.13 g(1.4646,527.25,Ll) f(1:1,79.79,-0.014) G(1.9416,338.97,U) f(1:1,79.79,179.973) f(1:1,79.79,105.098)  
5.30 9.17 118 118 2.17 1.12 g(1.4646,527.25,Ll) G(1.9416,338.97,U) f(1:1,79.79,166.207) f(2:1,87.296,166.206)   
5.30 9.17 118 118 2.17 1.12 g(1.4646,527.25,Ll) G(1.9416,338.97,U) f(2:1,87.296,108.211) f(1:1,79.79,108.210)   
5.30 9.17 118 118 2.17 1.12 g(1.4646,527.25,Ll) G(1.9416,338.97,U) f(1:1,79.79,163.866) f(2:3,86.601,-180.000)   
5.31 9.20 118 118 2.17 1.13 g(1.4647,527.3,Ll) G(3.9414,698.92,U) f(1:1,79.764,180.000)    
5.32 9.24 136 136 2.18 1.00 g(1.3497,485.89,Ls) G(4.0565,740.32,L) f(1:1,79.751,1.228)    
5.33 9.26 135 135 2.19 1.12 g(1.3496,485.84,Ls) f(1:1,79.727,180.000) G(2.0566,380.38,L) f(1:1,79.727,0.000) f(1:1,79.727,-0.456)  
5.33 9.26 135 135 2.19 1.01 g(1.3496,485.84,Ls) f(2:1,87.1,-180.000) G(2.0566,380.38,L) f(1:1,79.727,2.763)   
5.33 9.26 135 135 2.19 1.00 g(1.3496,485.84,Ls) G(2.0566,380.38,L) f(3:2,82.41,2.487)    
5.33 9.26 135 135 2.19 1.00 g(1.3496,485.84,Ls) G(2.0566,380.38,L) f(1:1,79.727,1.173) f(2:1,87.1,4.041)   
5.33 9.26 135 135 2.19 1.00 g(1.3496,485.84,Ls) G(2.0566,380.38,L) f(1:1,79.727,2.542) f(2:3,86.381,4.726)   
5.33 9.26 135 135 2.19 1.00 g(1.3496,485.84,Ls) G(2.0566,380.38,L) f(2:1,87.1,1.573) f(1:1,79.727,2.781)   
5.33 9.26 135 135 2.19 1.00 g(1.3496,485.84,Ls) G(2.0566,380.38,L) f(1:1,79.727,0.488) f(1:1,79.727,3.757) f(1:1,79.727,2.288)  
5.66 9.26 113 113 2.17 1.26 G(1.9062,326.21,U) f(2:1,85.562,138.594) h(2.5,2,U,+-4.768)    
5.66 9.26 113 113 2.17 1.24 G(1.9062,326.21,U) f(1:1,79.1,180.000) f(1:1,79.1,113.787) h(2.5,2,U,-4.768)   
5.66 9.26 113 113 2.17 1.24 G(1.9062,326.21,U) f(1:1,79.1,180.000) f(1:1,79.1,144.338) h(2.5,2,U,4.768)   
5.66 9.26 113 113 2.17 1.24 G(1.9062,326.21,U) f(1:1,79.1,-179.999) h(2.5,2,U,-4.768) f(1:1,79.1,0.002)   
5.66 9.26 113 113 2.17 1.24 G(1.9062,326.21,U) f(1:1,79.1,180.000) h(2.5,2,U,4.768) f(1:1,79.1,0.001)   
5.66 a 9.26 113 113 2.17 1.24 G(1.9062,326.21,U) f(1:1,79.1,-180.000) f(1:1,79.1,114.484) h(0.5,0,U,-10.900) f(1:1,79.1,-63.066) f(1:1,79.1,0.000) 
5.66 a 9.26 113 113 2.17 1.24 G(1.9062,326.21,U) f(1:1,79.1,179.998) f(1:1,79.1,-150.526) h(0.5,0,U,10.900) f(1:1,79.1,27.556) f(1:1,79.1,-0.003) 
5.66 9.26 113 113 2.17 1.22 G(1.9062,326.21,U) f(2:1,85.562,90.000) h(0.5,0,U,-10.900) f(2:1,85.562,-90.000)   
5.66 9.26 113 113 2.17 1.22 G(1.9062,326.21,U) f(2:1,85.562,-90.000) h(0.5,0,U,10.900) f(2:1,85.562,90.000)   
5.66 9.26 113 113 2.17 1.22 G(1.9062,326.21,U) f(2:1,85.562,90.000) h(0.5,0,U,-10.900) f(1:1,79.1,-78.303) f(1:1,79.1,-13.387)  
5.66 9.26 113 113 2.17 1.22 G(1.9062,326.21,U) f(2:1,85.562,-90.000) h(0.5,0,U,10.900) f(1:1,79.1,32.035) f(1:1,79.1,0.743)  
5.66 9.26 113 113 2.17 1.20 G(1.9062,326.21,U) f(3:2,81.663,77.842) h(0.5,0,U,-10.900) f(1:1,79.1,-21.511)   
5.66 9.26 113 113 2.17 1.20 G(1.9062,326.21,U) f(3:2,81.663,-149.095) h(0.5,0,U,10.900) f(1:1,79.1,21.511)   
5.66 9.26 113 113 2.17 1.20 G(1.9062,326.21,U) f(1:1,79.1,158.489) h(0.5,0,U,-10.900) f(1:1,79.1,-158.489) f(2:1,85.562,-166.157)  
5.66 9.26 113 113 2.17 1.20 G(1.9062,326.21,U) f(1:1,79.1,158.489) h(0.5,0,U,-10.900) f(2:3,84.614,-55.762) f(1:1,79.1,-16.932)  
5.66 a 9.26 113 113 2.17 1.20 G(1.9062,326.21,U) f(1:1,79.1,158.489) h(0.5,0,U,-10.900) f(1:1,79.1,-145.301) f(1:1,79.1,-89.902) f(1:1,79.1,-21.511) 
5.66 a 9.26 113 113 2.17 1.20 G(1.9062,326.21,U) f(1:1,79.1,-158.489) h(0.5,0,U,10.900) f(1:1,79.1,49.280) f(1:1,79.1,11.318) f(1:1,79.1,10.189) 
5.66 9.26 113 113 2.17 1.20 G(1.9062,326.21,U) f(1:1,79.1,-158.489) h(0.5,0,U,10.900) f(1:1,79.1,23.051) f(2:1,85.562,12.898)  
5.66 9.26 113 113 2.17 1.20 G(1.9062,326.21,U) f(1:1,79.1,-158.489) h(0.5,0,U,10.900) f(2:3,84.614,64.883) f(1:1,79.1,20.291)  
5.66 9.26 113 113 2.17 1.16 G(1.9062,326.21,U) f(1:1,79.1,160.993) h(0.5,0,U,-10.900) f(2:1,85.562,-61.041) f(1:1,79.1,-32.081)  
5.66 9.26 113 113 2.17 1.16 G(1.9062,326.21,U) f(1:1,79.1,-158.808) h(0.5,0,U,10.900) f(2:1,85.562,61.041) f(1:1,79.1,32.081)  
5.66 9.26 113 113 2.17 1.10 G(1.9062,326.21,U) f(1:1,79.1,137.943) h(3.5,3,U,-8.316)    
5.66 9.26 113 113 2.17 1.10 G(1.9062,326.21,U) f(1:1,79.1,155.720) h(3.5,3,U,8.316)    
5.66 b 9.26 113 113 2.17 1.03 G(1.9062,326.21,U) h(4.5,4,U,+-9.414)     
5.68 b 9.30 112 112 2.18 1.25 G(3.9062,686.21,U) h(2.5,2,U,+-4.858)     
5.68 a 9.30 112 112 2.18 1.20 G(3.9062,686.21,U) f(1:1,79.059,158.513) h(0.5,0,U,-10.941) f(1:1,79.059,-21.487)   
5.68 a 9.30 112 112 2.18 1.20 G(3.9062,686.21,U) f(1:1,79.059,-158.513) h(0.5,0,U,10.941) f(1:1,79.059,21.487)   
5.75 9.28 112 112 2.17 1.34 G(1.8987,323.54,U) g(2.5074,902.67,L) f(2:1,85.196,0.005)    
5.75 9.28 112 112 2.17 1.26 G(1.8987,323.54,U) g(2.5074,902.67,L) f(1:1,78.919,-0.888) f(1:1,78.919,-0.002)   
5.75 9.28 112 112 2.17 1.26 G(1.8987,323.54,U) f(1:1,78.919,180.000) g(2.5074,902.67,L) f(1:1,78.919,0.000)   
5.78 9.33 111 111 2.18 1.36 g(2.5077,902.78,L) G(3.8984,683.44,U)     
6.01 9.35 109 109 2.17 1.30 G(1.8803,316.9,U) g(3.5259,1269.32,L) f(1:1,78.419,-0.011)    
6.17 9.40 107 107 2.17 1.39 G(1.8699,313.18,U) g(4.5362,1633.03,L)     
6.21 6.15 203 203 1.71 1.10 g(3.1633,1498.78,L) G(3.2429,807.44,L)     
6.59 11.35 100 100 2.69 1.10 g(1.4788,532.39,Ll) G(4.9273,693.83,U)     
7.56 3.78 166 166 1.53 1.48 g(2.7886,1363.89,U) G(3.6176,942.33,U)     
7.95 6.57 115 115 1.70 1.45 G(2.6667,600.01,U) g(3.7395,1706.21,U)     
8.72 13.07 81 81 3.17 1.01 G(2.8508,306.27,U) g(3.5554,1279.94,L)     
8.82 7.04 108 108 1.72 1.27 G(2.6347,588.48,U) g(2.7715,1357.74,U) f(1:1,72.976,0.238)    
8.99 5.01 131 131 1.57 1.13 g(1.8367,1021.21,U) G(3.5695,925.01,U) f(1:1,72.638,144.363)    
9.60 11.15 156 156 2.34 1.34 g(2.1398,1130.33,L) f(1:1,71.455,180.000) G(2.2664,455.89,L) f(1:1,71.455,0.000)   
9.92 10.75 83 83 2.22 1.16 G(1.7031,253.11,U) h(1.5,1,U,+-9.517) g(1.7031,253.11,U) h(1.5,1,U,+-9.517)   
9.94 10.76 82 82 2.22 1.10 G(1.7025,252.9,U) g(4.7037,2053.31,Ls)     
a documented in Chapter 3   b documented in Section 4.3. 
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As discussed in the Solution Method section, the number of potential free-return 
combinations grows rapidly as the total period of the cycler increases.   Thus, as 
expected, there are zero, a few, and hundreds of ballistic one-, two-, and three-synodic 
period cyclers found respectively.  In theory, the process can be repeated for total 
periods of four or more synodic periods.  However, the number of permutations is 
computationally prohibitive, and furthermore, the solutions are not as attractive as the 
lower period cyclers  because the frequency of a guaranteed Mars encounter is too low. 
Table 4.9 lists the ballistic two-synodic period cyclers.  Of the five, two were 
documented previously in Ref. 15 and two were documented in Chapter 3.  Note the 
numbers may differ slightly because the synodic period in most previous studies was 
approximated to be 15/7 years.3,13,17,16,19,20  The new cycler, 8.05gGf,  is composed of 
two generic returns and one full-rev return.  The relatively high v∞ at Earth and Mars is 
compensated by the quick transfer time of 93 days.  The first entry, 4.99gG, is the 
notable ‘S1L1’ cycler with favorable energy characteristics discovered first by 
McConaghy et al. in Ref. 15. 
Table 4.10 and Table 4.11 list all of the ballistic three-synodic period cyclers with 
generic transit legs.  In total there are 141 listed.  The plus or minus arguments in the 
descriptor strings are only applied when nothing else in any of the strings changes 
except that value.  The plus minus notation can not be used in many cases, and thus, 
there are many cyclers that appear to be duplicates because they have identical v∞, time, 
and turn angle characteristics.  However, upon close inspection, a small difference is 
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seen, such as the last argument in one of the full-rev strings.  These subtle differences 
may be important when looking for analogous solutions in a more realistic solar system.   
The majority of the cyclers listed in Table 4.10 and Table 4.11 are previously 
undocumented.  Twenty-four of the cyclers were found in Chapter 3 and four were 
found in Section 4.3.  Several of the most promising solutions are bolded.  With regard 
to eventually finding solutions in the real solar system, cyclers with fewer legs are 
generally more favorable because there are fewer constraints in the problem 
formulation.  Thus, all of the bold cyclers have two or three legs only.  The first six bold 
cyclers from Table 4.10 have remarkable low values of v∞ at both Earth and Mars.  
Cyclers 3.64gGg, 3.77Gh, and 3.78Gg, in particular, have favorable turning angle 
characteristics. Cycler 3.77Gh is an example that uses a half-rev return that is not a 
simple half-year transfer.  The first argument of the second string is a 3.5 indicating it is 
a 7 half-year transfer.  Other bold promising cyclers that use non-trivial half-rev returns 
are 5.22Ggh and 5.66Gfh.   The bold cycler 3.77Ghf is an example that has good energy 
characteristics and uses a full-rev return that is not simply a 1:1 resonant orbit.  Cycler 
5.30gGf uses a 3:2 resonant orbit and has short transit times with relatively good turning 
angles.  Cycler 5.66Gfh uses a 2:1 resonant orbit, and also has short transit times and 
even better turning angles.  Cycler 9.94Gg has extremely short transit times of 82 days 
and is just two legs.  Of course, in general, the transfer times are inversely related to the 
v∞ values.   
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in/out  aphel. (AU) TR Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 
3.66 4.66 173 199 out 1.63 1.19 g(2.4062,866.21,Ls) f(1:1,82.955,87.388) F(3:2,87.27,0.000)   
3.66 4.66 173 199 out 1.63 1.18 g(2.4062,866.21,Ls) h(0.5,0,Ls,+-7.045) F(3:2,87.27,0.000) h(0.5,0,Ls,+-7.045)  
3.66 4.66 199 173  in 1.63 1.18 g(2.4062,866.21,Ls) h(0.5,0,Ls,+-7.045) F(3:2,87.27,180.000) h(0.5,0,Ls,+-7.045)  
3.77 4.71 170 200 out 1.63 1.16 g(2.9062,686.21,U) h(0.5,0,U,+-7.253) F(3:2,86.818,0.000)   
3.77 4.71 200 170  in 1.63 1.16 g(2.9062,686.21,U) h(0.5,0,U,+-7.253) F(3:2,86.818,180.000)   
5.30 5.44 207 143  in 1.66 1.27 g(1.4646,527.25,Ll) g(1.9416,338.97,U) F(3:2,82.487,180.000)   
5.30 9.21 118 136 out 2.18 1.13 g(1.4646,527.25,Ll) F(2:1,87.296,0.000) g(1.9416,338.97,U) f(1:1,79.79,-180.000)  
5.30 9.21 136 118  in 2.18 1.12 g(1.4646,527.25,Ll) g(1.9416,338.97,U) f(1:1,79.79,180.000) F(2:1,87.296,180.000)  
5.30 9.21 136 118  in 2.18 1.12 g(1.4646,527.25,Ll) g(1.9416,338.97,U) F(2:1,87.296,180.000) f(1:1,79.79,-180.000)  
5.33 5.45 143 207 out 1.66 1.00 g(1.3496,485.84,Ls) g(2.0566,380.38,L) F(3:2,82.41,0.000)   
5.33 9.22 136 118  in 2.18 1.01 g(1.3496,485.84,Ls) F(2:1,87.1,180.000) g(2.0566,380.38,L) f(1:1,79.727,2.509)  
5.33 9.22 118 136 out 2.18 1.00 g(1.3496,485.84,Ls) g(2.0566,380.38,L) f(1:1,79.727,3.079) F(2:1,87.1,0.000)  
5.33 9.22 118 136 out 2.18 1.00 g(1.3496,485.84,Ls) g(2.0566,380.38,L) F(2:1,87.1,0.000) f(1:1,79.727,4.139)  
5.66 9.32 141 113  in 2.19 1.24 g(1.9062,326.21,U) F(2:1,85.562,180.000) h(2.5,2,U,+-4.768)   
5.66 9.32 141 113  in 2.19 1.19 g(1.9062,326.21,U) f(1:1,79.1,159.239) h(0.5,0,U,-10.900) f(1:1,79.1,-159.239) F(2:1,85.562,180.000) 
5.66 9.32 113 141 out 2.19 1.19 g(1.9062,326.21,U) f(1:1,79.1,-159.239) h(0.5,0,U,10.900) f(1:1,79.1,20.761) F(2:1,85.562,0.000) 
5.66 9.32 141 113  in 2.19 1.19 g(1.9062,326.21,U) f(1:1,79.1,-159.239) h(0.5,0,U,10.900) f(1:1,79.1,159.239) F(2:1,85.562,180.000) 
5.66 9.32 113 141 out 2.19 1.19 g(1.9062,326.21,U) f(1:1,79.1,154.905) h(0.5,0,U,-10.900) f(1:1,79.1,-20.761) F(2:1,85.562,0.000) 
5.75 9.36 111 142 out 2.19 1.34 g(1.8987,323.54,U) g(2.5074,902.67,L) F(2:1,85.196,0.000)    
 
Table 4.12 lists the twenty-eight ballistic cyclers found that have full-rev transit 
legs.  Only three-synodic period cyclers were found.  The full-rev transit leg is indicated 
by the uppercase “F” at the beginning of one of the descriptor strings.  Unlike cyclers 
with generic transit legs, those listed in Table 4.12 have differing inbound and outbound 
transfer times.  The symmetry associated with generic returns (also known as symmetric 
returns7) causes both transfer times on a generic transit to be equal.  In the case of a full-
rev return, Earth arrival and departure locations on the orbit are identical, thus the 
symmetry is lost, and the inbound and outbound times are no longer the same.  
Therefore, the inbound/outbound designation is not arbitrary for cyclers with full-rev 
transit legs.  There is a clear advantage to designate them as one or the other depending 
on which transfer time is the shortest.  An additional column is added in Table 4.12 to 
make this preferred designation.   
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Again, the cyclers in Table 4.12 with the more favorable characteristics are 
bolded.  Cyclers 3.66gfF and 3.77ghF both have very low v∞ at Earth and Mars with 
reasonable transit times and turning angles.  Cycler 5.30ggF also has good energy 
characteristics, turning angles, and an excellent inbound transit time.  Note the 64 day 
difference in the outbound and inbound times.  Cycler 5.75ggF has a short transfer time 
and relatively good turning angles.   
Table 4.13 results from reducing the minimum turn ratio from 1.00, the 
requirement for a ballistic cycler, to 0.95.  It finds several cyclers with a variety of 
characteristics.  Cycler 6.44Gg has a very long transit time resulting in a low v∞ at Mars.  
Table 4.14 gives a summary of the numbers and types of cyclers documented.   
If the turn ratio minimum is reduced further, the famous one-synodic period 
Aldrin cycler13 is found with v∞E = 6.40 km/s,  v∞M = 9.68 km/s, tin = tout = 145 days, 
TR=0.91, aphelion=2.22 AU, and the only descriptor string is G(2.1354, 7.1338,L).  It 
is noteworthy that the Aldrin cycler is more favorable with the realistic synodic period 
than the assumed 15/7 years from Chapter 3.  Using the true synodic period the turn 
ratio for the Aldrin cycler is 0.91.  However, if the approximated synodic period is used, 




Table 4.14: Summary of results 




Ballistic/   
near ballistic
Number of cyclers found
(previously documented)
Number of cyclers found 
(previously undocumented) 
1 generic ballistic 0 0 
2 generic ballistic 4 1 
3 generic ballistic 28 113 
1 full-rev ballistic 0 0 
2 full-rev ballistic 0 0 
3 full-rev ballistic 0 28 
1 generic near 1 0 
2 generic near 0 0 
3 generic near 0 27 
3 full-rev near 0 1  
 










(AU) TR Leg 1 Leg 2 Leg 3 Leg 4 Leg 5 Leg 6 
5.10 9.14 124 124 2.17 0.98 g(1.4623,526.43,Ll) h(0.5,0,Ll,+-9.814) g(1.4623,526.43,Ll) G(1.9815,353.35,U) f(1:1,80.186,146.62)  
5.10 9.14 124 124 2.17 0.98 g(1.4623,526.43,Ll) h(0.5,0,Ll,-9.814) f(1:1,80.186,-175.289) g(1.4623,526.43,Ll) G(1.9815,353.35,U)  
5.10 9.14 124 124 2.17 0.98 g(1.4623,526.43,Ll) h(0.5,0,Ll,9.814) f(1:1,80.186,96.849) g(1.4623,526.43,Ll) G(1.9815,353.35,U)  
5.10 9.16 129 129 2.18 0.99 G(2.0154,365.54,L) f(1:1,80.175,0.006) g(2.3908,860.68,U) f(1:1,80.175,-180.0)   
5.30 9.17 118 118 2.17 0.95 g(1.4646,527.25,Ll) G(1.9416,338.97,U) h(2.5,2,U,-2.942) h(0.5,0,U,10.210)   
5.30 9.17 118 118 2.17 0.95 g(1.4646,527.25,Ll) G(1.9416,338.97,U) h(2.5,2,U,2.942) h(0.5,0,U,-10.210)   
5.30 9.17 118 118 2.17 0.95 g(1.4646,527.25,Ll) G(1.9416,338.97,U) f(1:1,79.79,106.484) h(0.5,0,U,-10.210) f(1:1,79.79,0.000) h(0.5,0,U,-10.210) 
5.30 9.17 118 118 2.17 0.95 g(1.4646,527.25,Ll) G(1.9416,338.97,U) f(1:1,79.79,109.822) h(0.5,0,U,-10.210) f(1:1,79.79,-175.353) h(0.5,0,U,10.210) 
5.30 9.17 118 118 2.17 0.95 g(1.4646,527.25,Ll) G(1.9416,338.97,U) f(1:1,79.79,-174.412) h(0.5,0,U,10.210) f(1:1,79.79,4.570) h(0.5,0,U,-10.210) 
5.30 9.17 118 118 2.17 0.95 g(1.4646,527.25,Ll) G(1.9416,338.97,U) f(1:1,79.79,179.385) h(0.5,0,U,10.210) f(1:1,79.79,0.000) h(0.5,0,U,10.210) 
5.30 9.17 118 118 2.17 0.95 g(1.4646,527.25,Ll) h(0.5,0,Ll,-10.210) f(1:1,79.79,-71.397) G(1.9416,338.97,U) f(1:1,79.79,109.484) h(0.5,0,U,-10.210) 
5.30 9.17 118 118 2.17 0.95 g(1.4646,527.25,Ll) h(0.5,0,Ll,-10.210) f(1:1,79.79,-70.024) G(1.9416,338.97,U) f(1:1,79.79,-176.752) h(0.5,0,U,10.210) 
5.30 9.17 118 118 2.17 0.95 g(1.4646,527.25,Ll) h(0.5,0,Ll,10.210) f(1:1,79.79,3.423) G(1.9416,338.97,U) f(1:1,79.79,106.448) h(0.5,0,U,-10.210) 
5.30 9.17 118 118 2.17 0.95 g(1.4646,527.25,Ll) h(0.5,0,Ll,10.210) f(1:1,79.79,2.554) G(1.9416,338.97,U) f(1:1,79.79,-177.304) h(0.5,0,U,10.210) 
5.33 9.18 118 118 2.17 0.95 g(1.4648,527.34,Ll) G(1.9385,337.87,U) g(2.5028,901,L) h(0.5,0,L,+-10.258)   
5.33 9.26 135 135 2.19 0.97 g(1.3496,485.84,Ls) G(2.0566,380.38,L) f(1:1,79.727,1.353) h(0.5,0,L,-10.273) f(1:1,79.727,-173.55) h(0.5,0,L,10.273) 
5.33 9.26 135 135 2.19 0.97 g(1.3496,485.84,Ls) G(2.0566,380.38,L) f(1:1,79.727,-69.877) h(0.5,0,L,10.273) f(1:1,79.727,3.464) h(0.5,0,L,-10.273) 
5.33 9.26 135 135 2.19 0.97 g(1.3496,485.84,Ls) h(0.5,0,Ls,-10.273) f(1:1,79.727,-173.216) G(2.0566,380.38,L) f(1:1,79.727,1.372) h(0.5,0,L,-10.273) 
5.33 9.26 135 135 2.19 0.97 g(1.3496,485.84,Ls) h(0.5,0,Ls,-10.273) f(1:1,79.727,-177.039) G(2.0566,380.38,L) f(1:1,79.727,-61.225) h(0.5,0,L,10.273) 
5.33 9.26 135 135 2.19 0.97 g(1.3496,485.84,Ls) h(0.5,0,Ls,10.273) f(1:1,79.727,116.598) G(2.0566,380.38,L) f(1:1,79.727,2.096) h(0.5,0,L,-10.273) 
5.33 9.26 135 135 2.19 0.97 g(1.3496,485.84,Ls) h(0.5,0,Ls,10.273) f(1:1,79.727,116.040) G(2.0566,380.38,L) f(1:1,79.727,-62.018) h(0.5,0,L,10.273) 
5.33 9.26 135 135 2.19 0.96 g(1.3496,485.84,Ls) G(2.0566,380.38,L) f(1:1,79.727,-72.833) h(0.5,0,L,10.273) f(1:1,79.727,0.000) h(0.5,0,L,10.273) 
5.33 9.26 135 135 2.19 0.96 g(1.3496,485.84,Ls) G(2.0566,380.38,L) f(1:1,79.727,0.000) h(0.5,0,L,-10.273) f(1:1,79.727,0.000) h(0.5,0,L,-10.273) 
6.44 3.74 262 262 1.54 0.95 g(2.087,1111.33,L) G(4.3191,1194.88,L)     
7.51 12.70 90 90 3.16 0.99 g(1.4891,536.07,Ll) G(2.9171,330.15,U) f(2:1,80.151,129.048)    




Clearly, this type of study is only possible with the assistance of the modern 
computer.  Using the algorithm and post-processing techniques described, a FORTRAN 
code running on a 1.7 GHz processor required approximately 20 CPU hours to find and 
interpolate all the solutions.  The method described is only one of many techniques that 
could be devised to solve this complicated problem, and no claims are made about the 
efficiency of this particular method.  However, any other solution method searching for 
all free-return ballistic Earth-Mars cyclers with periods up to three synodic periods 
should lead to the same list of resulting cyclers. 
4.9 CHAPTER CONCLUSIONS 
In total, all values of v∞ at Earth are examined from 2.5→10 km/s at intervals of 
0.0025 km/s.  At each value, every feasible permutation of all half-rev, full-rev, and 
generic returns is investigated.  Of the trillions of combinations examined, nearly two 
million minimax problems are posed and solved.  There are thirty-three previously 
documented and 170 previously undocumented promising cyclers found, including 
forty-nine different values of v∞ at Earth.  The solution characteristics span the full 
spectrum of possibilities.  Although the majority of the presented cyclers are new, the 
results of this study encompass the results of several earlier studies that looked at a 
variety of subsets of the current solution space.   
The global generalized search for idealized Earth-Mars cyclers results in a 
database of all useful free-return cyclers with periods of three or less synodic periods.  
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The exhaustive list represents a significant milestone in the on-going search for ballistic 
cyclers using a true ephemeris model.   
The mean eccentricities of Earth and Mars (0.0167 and 0.0934 respectively) in 
the true solar system are non-trivial.  These, along with a mean inclination difference of 
1.851o, represent a significant departure from the assumptions of a circular-coplanar 
model.  Other studies have shown that, while analogous solutions may exist in the more 
accurate model, the characteristics of the final optimized trajectories are quite different.  
Therefore, each of the solutions presented in this chapter, regardless of the performance 
characteristics in the simple model, can be reasonably considered as candidates for 
initial guesses in the search for cyclers in a more realistic model.  Although, a variety of 
solution methods are possible, previous work and current efforts have indicated that an 
iterative continuation process that slowly “walks” a solution from the simple model to 
the more accurate model gives promising results.  This will be addressed in the next 
chapter. 
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5 Finding Cyclers In an Accurate Solar System 
 
5.1 CHAPTER SUMMARY 
A planetary cycler trajectory is a periodic orbit that shuttles a spaceship 
indefinitely between two or more planets.  Recent interest in developing a cycler-type 
architecture as a viable alternative to the traditional approach to a human-crewed Mars 
mission has led to the discovery of many previously unknown Earth-Mars ballistic 
cycler orbits.  However, due to the complexity of the problem, most of the solutions are 
found in an idealized circular-coplanar model.  Of course, this begs the question of their 
existence in a more accurate model.  This problem has been successfully addressed for 
individual cyclers by a number of researchers; however, the current study seeks to find 
accurate ephemeris solutions for an entire class of idealized cyclers.  In this chapter, 
accurate ephemeris cyclers are sought for each of the promising parent cyclers 
documented in Chapter 4.  An efficient constrained optimization problem is defined to 
accomodate long-duration, ballistic, zero-sphere-of-influence, patched conic 
trajectories.  A continuation algorithm is then developed to transition circular-coplanar 
solutions to accurate ephemeris solutions.  Finally, the algorithm is applied to 203 
promising circular-coplanar parent cyclers for twenty-one launch windows each, 
equaling 4263 cases.  In total,  there are nine parent cyclers (one of them is the well-
known Aldrin cycler) that have at least one launch date with a total maneuver 
requirement of less than 1 m/s over seven full cycles.  Additionally, thirty-nine and 
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seventy-four parent cyclers have at least one launch date with a maneuver requirement 
of less than 10 and 300 m/s respectively.  Several of the most promising cyclers have 
consistently low requirements for all launch windows considered.  In general, the study 
demonstrates the broad feasibility for accurate ephemeris cyclers.   
5.2 INTRODUCTION 
Because the geometry of the true solar system is not exactly repeatable, true 
periodic cycler trajectories do not exist.  However, the relative geometry of the inner 
solar system does repeat to a reasonable degree.  Thus, quasi-periodic orbits over a 
finite number of cycles are sought when searching for cycler orbits in an accurate solar 
system. 
Although similar in nature, the general problem of finding realistic cyclers is 
significantly more complicated than the problem of finding cyclers in a circular-
coplanar model.  The repeat time for the relative geometry of Earth and Mars in the 
circular-coplanar case is one synodic period, while the true model only has an 
approximate repeat time of seven, or more accurately, fifteen synodic periods.  The 
solution space for a seven- or fifteen-synodic period cycler trajectory is extraordinarily 
large versus the more reasonable one- two- or three-synodic period time frames 
associated with the circular-coplanar model.  A potential fifteen-synodic period 
trajectory may contain on the order of fifty legs and as many flybys and powered 
maneuvers.  Chapter 4 demonstrates the enormity of the solution space for a simple 
three-synodic period trajectory using an enumerative approach.  Clearly, the same 
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method is not feasible when considering a fifteen-synodic period (or greater) cycler.  
The most obvious approach is to use solutions from the simple model as a starting point 
in the search for realistic cyclers.   
Previous efforts to identify realistic cyclers have focused on the circular-
coplanar model, very accurate high fidelity models, and several models in between.  
References 3, 4, and 8 use an idealized resonance between Earth, Mars, and Venus, 
including both the circular-coplanar model and a model accounting for the mean 
eccentricities and inclinations of the planets.  In the case of the Earth and Mars, Ref. 3 
documents several ballistic cyclers in each model with general repeat times of four 
synodic periods or greater.  Reference 9 extends the VISIT cycler concept to include a 
twenty year propagation using an accurate ephemeris.  Reference 13 demonstrates the 
real world feasibility of the Aldrin cycler, also known as an escalator orbit, by 
minimizing required maneuvers in an accurate multi-conic optimizer.  Reference 14 
gives a low-thrust version of the same cycler optimized in an accurate ephemeris model.  
Reference 16 shows a seven cycle propagation of a near-ballistic two-synodic period 
cycler.  Reference 15 gives hundreds of launch opportunities and associated 
characteristics for the S1L1 cycler using a true ephemeris.  The ballistic S1L1 solutions 
with favorable characteristics were obtained using a continuation method that slowly 
increases the complexity of the solar system model until finally a true ephemeris is 
used.  Reference 14 presents a true ephemeris version of a powered Earth-Mars cycler 
using low-thrust and a direct optimization technique.  Although still in an idealized 
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model, Ref. 49 demonstrates the preliminary design of solar sail cyclers using optimal 
control theory.  References 22, 24, and 50 summarize much of the previous work and 
propose several metrics associated with Earth-Mars cycler and hybrid cycler concepts 
when evaluating the overall design of a powered cycler architecture.  The advantages 
and disadvantages of ballistic, low-thrust, and impulsive thrust cyclers and hybrid 
cyclers are discussed.   
In general, the basic structure of solutions associated with circular-coplanar 
models are reflected in the analogous solutions using an accurate ephemeris.  The non-
repeating geometry of the true model, however, does have a significant, often 
unpredictable, effect on the important characteristics associated with cyclers, such as 
hyperbolic excess velocities at Earth and Mars, and the interplanetary transit times.  As 
demonstrated in Ref. 15, a given parent cycler can produce an unlimited number of 
accurate ephemeris cyclers, each with varying characteristics, depending on the desired 
launch date and propagation time.  
The purpose of this chapter is to develop a robust method that is capable of 
finding true-ephemeris counterparts to the circular-coplanar parent cyclers presented in 
the previous chapters.  The goal is of course to identify purely ballistic cyclers, meaning 
all manevuers are achievable with flybys only.  However, because many of the 
presented circular-coplanar ballistic (or near-ballistic) solutions already require flybys 
that are near (or violate) the minimum altitude boundary of 200 km, it is not expected 
that each simple solution has ballistic counterparts in a true ephemeris model.  Thus, it 
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is necessary to include the possibility for propulsive maneuvers.  The solution method is 
selected based on efficiency and robustness because it must accommodate over 200 
parent cyclers, each with a variety of launch dates.  As a result, the selected method is 
direct and optimizes impulsive maneuvers only.  Further optimization of any given 
cycler is considered beyond the scope of this study, although it is encouraged as future 
work.  Examples include higher fidelity gravity models, alternative impulsive 
optimization, low-thrust capability, and indirect methods.  
In total, twenty-one different launch windows are considered for each of the 203 
parent cyclers presented in Chapter 4, requiring 4263 cases.  Total powered maneuver 
requirements are presented for each launch window for all one- and two-synodic period 
parent cyclers, and a select group of three-synodic period parent cyclers.  Seventy-four 
parent cyclers are found to have at least one solution requiring total maneuvers less than 
300 m/s over the seven cycle duration, and thirty-nine of those solutions require less 
than 10 m/s.  Reproducible trajectories are presented for the minimum ∆v launch date 
for each of the selected seventy-four parent cyclers.  Because Chapter 4 includes most 
of the useful and previously published free-return class of Earth-Mars cyclers, this 
chapter is a broad and robust survey of the true ephemeris cyclers of the same class.  
The method presented proves to be a reliable preliminary design tool for accurate 
ephemeris cyclers.  It demonstrates the existence of hundreds of previously unpublished 
ballistic or very near-ballistic accurate ephemeris cyclers. 
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5.3 PROBLEM DEFINITION AND ASSUMPTIONS 
Final trajectories are sought that use a realistic ephemeris file6, JPL’s DE405, to 
obtain the positions and velocities of the planets.  The mean obliquity5 of the ecliptic is 
used to rotate all vectors so they are referenced to the mean equinox and ecliptic plane 
of J2000.  As long as the final trajectories use an ephemeris file, it is completely valid to 
use intermediate solutions that propagate the planets using Kepler’s equation.  Similar 
to the assumptions of the previous chapters, the motion of the cycler spacecraft is 
assumed to be governed by the sun only, thus Keplerian propagation is sufficient.  Also, 
the trajectories are patched using an instantaneous and zero-sphere-of-influence patched 
conic flyby with a minimum altitude of 200 km.  However, unlike the previous 
assumptions, flybys at Mars are included.  In the circular-coplanar model, these were 
ignored because of the low mass of Mars, but more importantly, so that cyclers could be 
constructed using Earth-Earth free returns only.  It is expected that this extra degree of 
freedom may alleviate some of the problems associated with the non-ideal orbits of 
Earth and Mars. 
The inertial positions of Earth and Mars approximately repeat every fifteen 
years, and several previous studies have used this as a baseline to determine the 
duration of a true cycler propagation.13,15,16,18  Earlier studies however, assumed (with 
more accuracy) that the basic repeat time of the true solar system is thirty-two years.3,4,8   
A more detailed look at the relative geometries of the true orbits of Earth and 
Mars shows that there are several approximate repeat times worth considering.  It is 
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desirable to find in the true solar system an X:Y resonance between Earth and Mars, 
meaning the Earth makes exactly X revolutions for every Y Mars revolutions, where X 
and Y should be as close to integers as possible.  If a resonance existed where X and Y 
were exactly integers, then the relative geometry of Earth and Mars would be exactly 
repeatable (under the assumption that the sun is the only attracting body).  Of course 
perfect Earth-Mars resonances in the true solar system do not exist.  Table 5.1 lists 
several pertinent Earth-Mars resonances based on their mean periods.5   
Table 5.1:  Earth-Mars resonances 
accurate X:Y resonance 
(Earth revs: Mars revs) 
approximate X:Y resonance 
(Earth revs: Mars revs) 
|residual| 
(revs) 
15.000: 7.9755 15:8 0.0245 
17.000: 9.0389 17:9 0.0389 
30.000: 15.9510 30:16 0.0490 
32.000: 17.0144 32:17 0.0144 
34.000: 18.0778 34:18 0.0778 
45.000: 23.9265 45:24 0.0735 
47.000: 24.9899 47:25 0.0101 
60.000: 31.9020 60:32 0.0980 
64.000: 34.0288 64:34 0.0288 
77.000: 40.9409 77:41 0.0591 
94.000: 49.9798 94:50 0.0202 
 
Also, the total duration for the propagation must be an integer multiple of the 
repeat time of the parent cycler in the circular-coplanar model.  Table 5.2 gives the total 
duration  for a given number of cycles for cyclers with repeat times of one, two, three, 



















1 2.14 4.27 6.41 8.54 
2 4.27 8.54 12.81 17.08 
3 6.41 12.81 19.22 25.62 
4 8.54 17.08 25.62 34.17 
5 10.68 21.35 32.03 42.71 
6 12.81 25.62 38.44 51.25 
7 14.95 29.90 44.84 59.79 
8 17.08 34.17 51.25 68.33 
9 19.22 38.44 57.66 76.87 
10 21.35 42.71 64.06 85.42 
11 23.49 46.98 70.47 93.96 
12 25.62 51.25 76.87 102.50 
13 27.76 55.52 83.28 111.04 
14 29.90 59.79 89.69 119.58 
15 32.03 64.06 96.09 128.12 
 
Each entry of Table 5.2 is compared with each of the first numbers in the second 
column of Table 5.1.  The bold entries are suggested as reasonable total durations.  
Certain bold entries are better than others as indicated by how close to integers their 
values are and the magnitude of the associated residuals from Table 5.1.  For example, 
for three-synodic period cyclers, 32.03 is very near 32 and the 32:17 resonance has one 
of the smallest residuals listed; therefore, five cycles appears to be a prudent choice for 
the total duration of an accurate ephemeris version of a three-synodic period cycler. 
Although it is expected that the general structure and pattern of a thirty-two year 
propagation is repeatable, it is not guaranteed.  Even if the total time is constrained to be 
exactly thirty-two years, the resonance is not perfect, and furthermore, no 
considerations have been made for feasibility of the flybys that would eventually patch 
multiple thirty-two year segments.  Therefore, it is assumed that non-trivial powered 
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maneuvers may be necessary to ultimately patch the multiple cycle segments.  Thus, 
when considering how to choose the total duration of a multiple cycle segment, it is 
desirable to include as many cycles as possible.   
The method developed in this chapter favors efficiency over performance in 
some instances because of the large number of cases that need evaluation.  Therefore, 
all cyclers will be propagated for seven cycles, as it is the only row in Table 5.1 with all 
bold entries.  Additionally, this choice is consistent with previous studies. 13,15,16,18  For 
further optimization of a particular cycler, it is recommended to use fifteen cycles 
(thirty-two years) for a one-synodic period cycler, eleven cycles (forty-seven years) for 
a two-synodic period cycler, either five or ten cycles (thirty-two or sixty-four years) for 
a three-synodic period cycler, and seven or eleven cycles (sixty or ninety-four years) for 
a four-synodic period cycler. 
As discussed in Chap. 4, only one short Earth-Mars or Mars-Earth transit is 
guaranteed per cycle.  Thus, it is decided to search for accurate ephemeris solutions for 
cyclers with a repeat time of three synodic periods or less.  This includes all circular-
coplanar cyclers documented in this dissertation except the four-, five-, and six-synodic 
period cyclers from Chapters 3 and 4.  Only outbound cyclers, or cyclers with short 
Earth to Mars legs, will be considered.  Minor modifications are necessary to evaluate 
inbound cyclers, and it is reasonable to expect similar results. 
In summary, the main objective is to develop an efficient and robust method to 
optimize seven continuous cycles of a given circular-coplanar parent cycler using 
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patched conic two-body motion between true ephemeris planet locations.  In general, it 
is assumed that the basic structure of the seven-cycle sequence is repeatable 
indefinitely. 
5.4 SOLUTION METHOD 
There are many different approaches to consider when searching for true 
ephemeris solutions.  This section will discuss the advantages and disadvantages of 
several options and explain in detail the selected method. 
5.4.1 Continuation Method 
The basic idea of a continuation51 method, also referred to as imbedding or a  
homotopy method, is to solve a sequence of several sub-problems where the fidelity of 
the model in question is increased for each sub-problem until the desired level of 
complexity is achieved.  The solution to each sub-problem becomes the initial guess for 
each successive sub-problem.  A continuation method is ideal for the Earth-Mars cycler 
problem because the solution to the first sub-problem (circular-coplanar case) is already 
available.  However, one of the shortcomings of a continuation method is that solutions 
to each sub-problem must exist in order to continue along the path.  The solution to the 
last sub-problem is the only one of interest, yet it may not be possible to get there even 
if a solution exists because the problem may become infeasible at one or more of 
intermediate steps.   
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In most cases, the gap between the circular-coplanar model and the accurate 
ephemeris model prohibits an immediate jump to the latter.  Therefore, the continuation 
method is deemed most appropriate, and other considerations are made to address its 
apparent shortcomings.    
5.4.2 Non-Analytic Solutions 
Several attempts were made to use the analytic solutions for the interplanetary 
transfers presented in Chap. 2.  These include the full-rev return solutions, half-rev 
return solutions, and the generic (not necessarily return) transfers.  These solutions are 
extremely fast, accurate, and relatively straight-forward to implement.  However, each 
case requires at least two integer valued inputs.  Each circular-coplanar cycler has a 
unique set of integer identifiers as specified in the formal cycler nomenclature.25  These 
integer values fix the structure of each leg of the trajectory.  However, as the 
complexity of the model moves toward the accurate case, it is feasible and very 
probable that the trajectory as a whole could benefit from minor changes in this 
structure.  For instance, a short period one revolution transfer from Mars to Earth that 
exists in the circular-coplanar case may cease to exist when the launch and arrival dates 
become free parameters and move away from their original values.  Of course, there is 
always a transfer that connects two points, but changing the value of the integer inputs 
(such as number of revolutions and indicating if it is a short period or long period 
solution) is a difficult if not insurmountable obstacle when dealing with a gradient-
based optimizer.   
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Solving the transfers analytically with a defined fixed structure works very well 
for cyclers with favorable turning angle requirements, such as the S1L1 cycler.15  
However, because the method developed for this study must be capable of optimizing 
any circular-coplanar cycler regardless of its characteristics, the non-analytic approach 
is a better choice.  In this method, a specific transfer is found by numerically searching 
for the spacecraft velocity vector that leads to an intercept of the desired planet.  This 
approach eliminates the integer programming problem, and the solution structure is free 
to morph as necessary.  A major benefit to this approach is the relative ease of gradient 
calculations.  Although tedious, partial derivatives of the final states with respect to the 
unknown velocities and times can be calculated analytically.  The same calculations 
become much more difficult when Lambert’s equation is part of the solution process.  
The analytic derivatives are discussed in a later section. 
5.4.3 Gradient Method 
For the problem at hand, a gradient method is favored over a monte-carlo or 
genetic algorithm 52  approach based on convergence properties and computational 
requirements.  There are two major advantages of a genetic algorithm:  a GA searches a 
global solution space and requires no gradient information.  For individual cyclers, 
some success is achieved using a genetic algorithm53 and the analytic transfer solutions.  
This is certainly a valid approach to trajectory optimization54,55, however, it is not 
considered practical for this study because it is not efficient when considering all the 
cases and launch dates that need consideration.  
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Although gradient methods give rise to local solutions, the fact that the solutions 
in the circular-coplanar case are ballistic gives confidence that the analogous solutions 
in the accurate model will be good local solutions if not global.  Two standard 
sequential quadratic programming packages are used to optimize the free parameters.  
The first package is VF13 from the Harwell Subroutine Library.56  This code works 
well with cyclers with favorable turning characteristics, but often fails when the 
constraints become infeasible.  The second package tried is the SNOPT (Sparse 
Nonlinear OPTimizer) driver from the Stanford Business Software Inc.57,58  SNOPT 
proves to be more robust for purposes of this study.  It has an “non-linear elastic mode” 
that automatically minimizes a weighted sum of the absolute values of the constraint 
violations (in addition to an existing objective if any) when the constraints become 
infeasible.  This feature provides robustness to the system because the algorithm 
continues to search for a “good solution” even if the optimality conditions are not 
satisfied or the constraints can not be met.  The continuation method can therefore 
continue “walking”  toward the accurate ephemeris model even if favorable solutions 
disappear along the path.  Details regarding the SNOPT input and the constraint and 
free parameter choices are in later sections.  
5.4.4 Multiple Shooting Method 
Reference 51 gives a detailed overview of direct multiple shooting methods in 
the context of other optimization techniques.  This section discusses the benefits of 
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multiple shooting methods regarding accurate ephemeris cycler optimization and gives 
a detailed explanation of the specifically developed method. 
The long duration trajectories associated with accurate ephemeris cycler 
propagation lends to a multiple shooting approach.  If each leg of a multiple-decade 
patched trajectory is numerically dependent on the final conditions of the previous leg, 
very small adjustments to the initial conditions of the first leg will lead to highly erratic 
and non-linear perturbations at the end of the long trajectory.  To avoid the large 
sensitivities and cumulative numerical errors, a multiple shooting approach defines each 
leg of a patched trajectory to be completely independent from all other legs.   
Specific to the current problem, the seven parameters chosen to completely 
define each leg are the initial planet, final planet, initial time, final time, and the three 
components of the initial planet-referenced spacecraft velocity.  Except for the 
specification of the initial and final planets, each of the stated parameters is unknown 
and free to be optimized.  Thus, there are 5n unknowns, where n is the number of legs 
for a particular cycler propagation.  A diagram is given in Figure 5.1.   
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Figure 5.1:  Trajectory leg diagram 
 
The spacecraft initial position is fixed to the planet’s initial position, and a 
planet’s position and velocity is uniquely a function of time only via an ephemeris file.  
The ephemeris can be as accurate as possible, or it can be based on any set of fictional 
or mean orbital elements referenced to J2000, depending on the desired solar system 
model complexity.  The sequence of planets remains fixed during the optimization 
procedure and is selected initially based on multiple cycles of the parent circular-
coplanar cycler.   
Because each leg is independent, multiple shooting methods require boundary 
constraints to enforce continuity between the segments.  Thus, there are n-1 scalar time 
constraints that directly result from using a multiple shooting approach.  Although extra 
constraints require additional gradient calculations, an added benefit of a multiple 
shooting method is the favorable structure of the associated gradient matrix, also known 
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as the Jacobian.  Again, because each leg is independent, any unknown variable affects 
only the constraints associated with one leg.  Therefore the Jacobian, in general, is 
expected to be sparse with block matrices along the diagonal.  This feature contributed 
to the selection of SNOPT57 as the primary optimizer because it was designed explicitly 
for large sparse problems with many active constraints.   
A second benefit of SNOPT is its favorable handling of linear constraints.  The 
time constraint that enforces continuity is tf(i) = t0(i+1).  This is a simple linear constraint 
that SNOPT easily solves during each major iteration of the optimization process.  
Therefore, disconnecting the times and enforcing a simple linear constraint gives the 
tremendous benefit of a sparse Jacobian, yet for all practical purposes, the constraint is 
non-existent because SNOPT solves it completely during every iteration.  This is a 
significant benefit in terms of the computational cost and accuracy of determining the 
Jacobian, a topic covered in a later section. 
5.4.5 Ballistic Flybys with Powered Maneuvers at the Sphere of Influence 
 A ballistic gravity-assisted flyby is capable of rotating a spacecraft’s planet-
centered velocity as described in detail in Chap. 2.  The magnitude, however, is 
constrained to be equal before and after the flyby.  A second inequality constraint places 
an upper bound on the angle of rotation based on the flyby speed at the sphere of 
influence, the gravitational parameter of the flyby body, and the minimum acceptable 
flyby radius.  These two constraints are given in Eqs. (5.1) and (5.2).  They are enforced 
at each of the n-1 flybys for a trajectory with n legs. 
 153
v v∞− − ∞+=( ) ( )i i1  (5.1)









− ∞− − ∞+
∞− − ∞+
cos ( ) ( )


























minr vp  
(5.4)
 The problem as stated is a non-linear root finding problem with 5n unknowns, 
3n + 2(n-1) equality constraints and (n-1) inequality constraints.  It is not an explicit  
optimization problem because there is no defined objective function.  However, as 
mentioned in the previous section, if all of the constraints cannot be met, SNOPT 
automatically enters an “elastic mode” that minimizes the constraint infeasibilities. In 
this case, a specified weight is irrelevant because there is no explicit performance index.   
One approach to avoid constraint infeasibilities is to introduce four additional 
unknowns per leg (an intermediate time and three components of a ∆v), and attempt to 
minimize an explicit objective function defined to be the sum of the magnitudes of all 
the intermediate maneuvers.  Although this method is valid and may yield more 
favorable trajectories, it is prohibitive in the current problem because it almost doubles 
the dimension of the parameter vector.  
A second more efficient approach is to take advantage of the “elastic mode” of 
SNOPT, and redefine the constraints, if possible, to directly measure the powered ∆v 
necessary to make each flyby feasible.  In this approach, the equality and inequality 
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constraints given in Eqs. (5.1) and (5.2) are replaced by one conditional equality 
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This approach does not increase the number of unknowns, eliminates the 
inequality constraints, and does not introduce an explicit performance index.  A 
summary of the parameters and newly defined constraints are given below in Table 5.3. 
Table 5.3: Summary of parameters and constraints a 
Parameter Number Constraint Number Type 
v∞+(i) 3n rf(i) = rf plan (i) 3n nonlinear equality 
t0(i)    n tf(i-1) = t0(i)  n-1 linear equality 
tf(i)    n ∆v(i)=0   n-1  nonlinear equality 
 5n   5n-2  
a i  indicates the ith leg ,  n = number of legs    
 
 
A diagram explaining the origin of Eq. (5.5) is given in Figure 5.2.  Given the 
unknowns associated with any two successive legs, the trajectories are propagated 
according to Figure 5.1.  At the end of the (i-1)st leg, v∞-(i-1) can be deduced, and v∞+(i) is 
simply three of the given unknowns.  Their magnitudes can be calculated and are not 
necessarily equal.  The required turning angle is found via the definition of a dot 
product and is given by Eq. (5.3).  The maximum available turning angle is derived 
from basic properties of hyperbolic trajectories and is given in Eq. (5.4).  It is desirable 
to use the smallest value of v∞ because it is inversely related to the available turning 
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angle.  If v∞-(i-1) < v∞+(i), then the powered maneuver should occur before the flyby, 
otherwise it should occur afterwards.  All maneuvers take place during heliocentric 
flight just outside the planet’s sphere of influence, which is currently modeled with a 
zero radius.  A powered maneuver during the hyperbolic phase of a flyby is considered 
too risky and is beyond the scope of this study despite the acknowledged potential for 
fuel savings. 
 
Figure 5.2: Powered ∆v required at the SOI of a flyby. 
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In Case A of Figure 5.2., the required turning angle can be achieved using a 
gravity-assisted flyby alone, while the powered maneuver is simply to account for the 
difference in magnitudes.  In Case B, the flyby provides the maximum turning angle 
available, meaning the flyby has a periapse altitude of 200km.  In order to optimize the 
effects of the flyby, it is performed in the plane that contains v∞-(i-1) and v∞+(i), assuming 
the angle between them is greater than 0 and less than π.  The remaining scalar ∆v is 
calculated using the law of cosines. 
5.4.6 Analytic Gradient Calculations 
The need to calculate partial derivatives is a common problem encountered in 
astrodynamics and trajectory optimization.  More generally, almost all root-finding or 
optimization methods require some form of gradient information relating sensitivity of 
the constraints and the objective with respect to the free parameters.   The partial first 
and second derivative matrices are referred to as the Jacobian and Hessian, respectively.  
A variety of root-finding and optimization techniques exist that require the full 
calculation of one, both, or neither or the two matrices at each major iteration.  Methods 
also exist to provide estimated updates to both matrices so that full derivative 
calculations are not necessarily required at the every iteration.   
Some methods do not require gradient information, such as monte-carlo 
methods and genetic algorithms.  However, for problems with well-behaved solutions 
spaces, gradient information is extremely helpful in driving the system towards a 
solution.   
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There are three primary methods of calculating partial derivatives.  Numerical 
approximation is a brute force approach that determines sensitivity by perturbing a 
particular parameter and re-calculating a particular constraint.  The selection of the 
perturbation size is a tuning parameter that requires significant attention in order to 
achieve the most accurate derivative possible.59  In general, each forward or central 
differenced derivative requires one or two additional constraint function calls 
respectively.  Although sufficient for most applications, this method is generally the 
least accurate and most expensive of the three methods.  Despite the cost in accuracy 
and CPU time, the method is very easy to to implement across a variety of problems, 
and therefore is the most common of the three. 
The second approach is to calculate the partial derivatives analytically.  This can 
be a very difficult and tedious task depending on the complexity of the constraints and 
their relationships to each parameter.  The expressions must be checked and re-derived 
each time a constraint or parameter is introduced or redefined in a particular problem.  
However, once implemented, analytic gradients are the most accurate available, and in 
most cases, are significantly faster than approximating the derivatives numerically.60  In 
order to calculate the full Jacobian using central differences (without taking advantage 
of sparseness), 2k additional calls to the constraint function are required where k is the 
number of unknown parameters.  However, the analytic derivatives can be calculated 
alongside the constraints in the original call to the function using no additional calls.  
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Unless the analytical derivatives are extraordinarily expensive to compute, they are 
almost always faster and more accurate.  
A third general method to calculate derivatives is automatic differentiation, a 
hybrid of the second approach.  This method calculates analytic derivatives by 
decomposing each constraint into a sequence of the most elementary intrinsic 
mathematical functions, and then uses the basic chain rule from calculus to accumulate 
the derivative from the beginning to the end of the constraint function calculation.  
Once a system 61  is in place, this approach is much more flexible than directly 
calculating the analytic derivatives, and also benefits from the improved accuracy and 
efficiency over numerical derivatives.  In general, however, explicit analytic derivatives 
are expected to be more accurate because there is less accumulation of round-off error.   
For best results, SNOPT requires the user to calculate the Jacobian at every 
major iteration, and the Hessian is intrinsically approximated.  Although SNOPT has 
accompanying files to incorporate automatic differentiation, this feature is bypassed 
because the general structure of the constraints and unknowns of the current problem is 
fixed and it is possible to derive the analytic Jacobian.  Because this study seeks to 
optimize thousands of different cases, the run-time benefit of using analytic derivatives 
is crucial. 
In this section, analytic expressions for the non-zero partial derivatives of the 
constraints with respect to the unknowns for the defined accurate ephemeris cycler 
problem are derived.  This gradient matrix, or the Jacobian, consists of 5n-2 rows and 
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5n columns, because from Table 5.3, there are 5n unknowns and 5n-2 constraints.  This 
totals 25n2-10n entries, thus for a propagation of an accurate ephemeris cycler with 35 
legs there are 30,275 Jacobian entries.  Fortunately a multiple shooting approach is 
used, and the vast majority of these entries are zero. 
In general, there are five scalar constraints associated with each leg as 
summarized in Table 5.3.  The first leg is the only exception because there is no prior 
leg to patch.  The only non-zero partial derivatives of Ci, the constraints associated with 
a particular leg, with respect to Ui, the unknowns associated with a particular leg, are 












































































































































































































Equation (5.6) is derived intuitively by a close evaluation of Figure 5.1 and the 
relationships between the constraints and parameters given in Table 5.3.  The partial 
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 The final structure of the full Jacobian is given below. 
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The remaining few derivatives are separated into three general categories.  The 
corresponding partials are derived in the following three sections.   
5.4.6.1 Partials of the final state with respect to the initial state62 
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The partial derivative of the state at a final time with respect to the state at an 
initial time is therefore Φ(t,t0) by definition.  The matrix Φ is often referred to as the 
state transition matrix, and can be obtained by numerically integrating Eq. (5.8) with the 
initial condition of Φ(t0,t0) = I6x6.  This is true for any force model that is a function of 
the state and time only.   
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For simple Keplerian motion, if the state is expressed as the classic orbital 
elements α = [a e i ω Ω M]T, instead of position and velocity, x, then the state transition 
matrix is analytic and has the same entries as the identity matrix except 
Φα µ 6 1 0 0
53 2, ( , ) ( )t t t t a= − −  
 Thus, for Keplerian orbits, the partial of the final cartesian state with respect to 
the initial cartesian state can be calculated analytically without integrating the state 
























































 Ref. 62 gives detailed derivations for the partials of the cartesian coordinates 
with respect to the classic orbital elements and the inverses respectively.  Both partial 
derivative matrices have entries with singularities when eccentricity or inclination is 
zero.  This is a dilemma for the current application because every cycler has at least one 
Earth to Earth generic leg that takes place in the ecliptic, and most half-rev returns have 
small if not zero eccentricities.   
 As a result, an unconventional set of orbital elements, β, can be defined such 
that the partials are well behaved at low eccentricities and inclinations.  References 63 
and 64 define two such sets.  The latter is chosen for the current application because it 
gives FORTRAN code for the necessary partials.  This non-singular set is expressed as 
































where the first term on the right side of the equation has the state transition matrix for 
the new orbital element set embedded and is found directly with the equations given in 
Ref. 64.  The second term on the right is found by inverting the partial of x(t) with 
respect to β(t0) when t = t0.   
Note that there are several typographical errors in the equations in Appendix 1 
of Ref. 64; however, the FORTRAN code in Appendix 2 of Ref. 64 is correct.  The 
equations for ∂x/∂α and ∂x/∂β found in Refs. 62 and 64, respectively, are well 
documented and require several pages of calculations.  For brevity, they are not re-
written here. 
5.4.6.2 Partials of the final state with respect to the initial time 
For the current problem as defined in Table 5.3, the state of a spacecraft on a 
given leg is a function only of the of the initial state and the time elapsed since t0. The 
initial position is a function of t0 only, and the initial velocity is a function of t0 and v∞+ 
only.  
x r v v( ) ( ), ( , ),t f t t t t= −[ ]∞+0 0 0 0 0  
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Equation (5.12) is true because the only orbital element affected by t-t0 is the 
mean anomaly, M.  The term ∂x(t)/∂M(t) is given in Section 7.1.2 of Ref. 62 and also is 
identical to ∂x(t)/∂β6(t0) from Eq. (5.10) that is obtained using the equations in Ref. 64.   
The final form of the partial derivative of the final state with respect to the initial 
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5.4.6.3 Partials of the powered ∆v constraint 
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The expression for ∆v0(i) is given in Eq. (5.5).  Dropping the i subscripts, these 
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5.4.7 Constraint infeasibilities and post-processing considerations 
 As stated in Table 5.3, all legs of the patched trajectory have one associated 
vector constraint, and all legs except the first have two associated scalar constraints.  If 
the current set of unknowns is in a region where all the constraints cannot be satisfied, 
SNOPT enters an “elastic mode” that seeks to reduce the constraint infeasibilities.  The 
linear time continuity constraints are always feasible and easily satisfied, and no explicit 
objective is defined.  Thus, the elastic mode is “equivalent to minimizing the sum of the 
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nonlinear constraint violations.”57  Thus, when SNOPT enters this mode, the new 
“composite objective” becomes 
J v r r ri x f i y f i z f i
i n
v
= + + +( )
= →
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The final solution is therefore not guaranteed to intercept the desired planet.  However, 
a final flyable trajectory must, at a minimum, have position continuity between each 
leg.   
One approach to reduce the residuals is to simply weight the position constraints 
(and associated derivatives) in the original formulation inside the optimization 
procedure.  This is equivalent to adjusting the composite objective function to 
J v W r r ri x f i y f i z f i
i n
v
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 For sufficiently large values of W, the solution will effectively ignore the ∆v 
requirements, focusing only on the position violations, and vice-versa for sufficiently 
small values.  Clearly, this parameter requires tuning to identify what value leads to the 
best solutions.  
 A second method to achieve position continuity is to post-process the final 
trajectory by adding intermediate maneuvers to remove the residuals entirely.  These 
can be independently optimized, but the final magnitudes must be added to the total 
cycler cost.   
 After much trial and error, a hybrid of both approaches is selected.  A variety of 
test trajectories are optimized using a range of weight factors, W.  The final solutions, 
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each with various magnitudes for the position residuals, are post-processed for 
continuity, and the total cost is evaluated to choose the best weight factor. 
Canonical variables are used for calculations in this study such that the 
gravitational parameter of the sun is unity.  Thus, the magnitudes of positions and 
velocities are similar.  Each component of Eq. (5.15) is therefore expected to be of 
equal magnitude when W is on the order of one.  After many trade studies, the best 
value for W appeared to be exactly 1, and this value was used for the thousands of 
subsequent runs.  The serendipitous best value of 1 is indicative of the benefits of using 
canonical units for astrodynamic applications. 
In order to reduce the effect of the post-processed intermediate maneuvers on 
the overall fuel costs, the time of each maneuver is independently optimized over the 
course of the given leg.  This one dimensional optimization problem is globally solved 
with a simple grid search over 100 equally spaced intervals, paying close attention to 
avoid nπ transfer angles.   
As a whole, trajectories are evaluated based on the total accumulated ∆v 
following the post-processing.  Although the intermediate maneuvers are not included 
in the original optimization problem, this hybrid approach gives good results and 
benefits tremendously from the increase in speed versus including the post-processed 
maneuvers in the original problem formulation.   
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The general solution method described in this section is used to optimize over 200 
different parent cycler trajectories, each with twenty-one different launch windows.  As 
a result, it is designed to be robust, efficient, and capable of accommodating all types of 
long-duration patched ballistic transfers.  Presumably, any number of existing ballistic 
interplanetary trajectory optimization codes65,66,67 could be used to further optimize any 
of the solutions.  In the initial stages of this study, COPERNICUS67 was used for trade 
studies to identify promising options for the constraint and parameter definitions.  
COPERNICUS is a high fidelity general trajectory optimization package currently 
under development at the University of Texas at Austin. 
5.4.8 Algorithm Description 
As Section 5.4.1 explains, a continuation approach is selected to “walk” solutions 
from the circular-coplanar model to an accurate ephemeris model.  There are many 
potential paths to consider when transitioning a solution from a simple model to a more 
accurate one.  Similar to the method used in Ref. 15, the approach that generally gives 
the best results consists of three major steps.  These are outlined in Figure 5.3. 
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0) Circular-coplanar model (mean values for Earth 
and Mars at J2000 for a, Ω, ω, and ν; but e=i=0) 
 
1) Use continuation method to “walk” towards mean 
eccentricities for Earth and Mars with nstep 
equally spaced “steps” 
 
2) Use continuation method to “walk” towards mean 
inclinations for Earth and Mars with nstep 
equally spaced “steps” 
 
3) Make one final “step” from the now mean orbital 
element model directly to the accurate ephemeris 
 
Figure 5.3:  Path from simple to real model 
 
It is very important to fix the initial values of  a, Ω, ω, and ν for Earth and Mars 
to their respective mean values at J2000, otherwise, the model changes too rapidly.68   
Table 5.4 gives the mean values for the orbital elements of Mars and Earth at J2000.5 
Table 5.4: Mean Elements at J20005 
Classic Orbital Element Earth Mars 
a 1.00000101812E+00 1.52367934749E+00 
e 1.67086171540E-02 9.34006199474E-02 
i (deg) 0.00000000000E+00 1.84972647778E+00 
Ω  (deg) 0.00000000000E+00 4.95655237028E+01 
ω (deg) 1.02937348083E+02 2.86494710278E+02 
ν (deg) -2.47089957222E+00 1.93730406472E+01  
 
 While Figure 5.3 gives an overview of how to transition a single solution to a 
more accurate model, Figure 5.4 gives a broader algorithm that describes the overall 
process.  Analogous ephemeris solutions are sought for each circular-coplanar parent 
cycler in twenty-one independent runs, each associated with a different launch window.  
The launch windows have units of synodic periods after J2000.  Thus, a cycler with an 
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associated LaunchWindow value of i will have an original epoch time in between i and 
i+1 synodic periods after J2000.  Twenty-one is chosen in order to observe three 
complete cycles of the approximate seven synodic period repeat time of the true inertial 
positions of Earth and Mars as discussed in Section 5.3.   
 
FOR ParentCycler =1 to 203 
FOR LaunchWindow = 1 to 21 
1) Set Earth and Mars orbital elements to the mean values at J2000 
2) Set Earth and Mars inclination and eccentricity to zero 
3) Propagate simple model from J2000 forward LaunchWindow synodic periods. 
4) INPUT the beginning phase angle for current simple model ParentCycler 
5) Propagate simple model forward in time until desired phase angle achieved 
6) Record epoch time 
7) INPUT seven cycles of the simple model ParentCycler beginning at the epoch time. 
FOR steploop = 1 to 6 
1) nstep = 3(steploop -1)   (gives nstep values of 1,3,9,27,81,243) 
2) “WALK” mean eccentricities with nstep steps (each step is 1 run of SNOPT) 
3) “WALK” mean inclinations with nstep steps (each step is 1 run of SNOPT) 
4) “STEP” to the true ephemeris model (this is 1 run of SNOPT) 
5) Store the total ∆v, the full trajectory characteristics, and the current value of nstep 
END steploop loop 
8) Of all nstep runs, keep the best solution for current ParentCycler and LaunchWindow 
9) POST-PROCESS this best solution 
1) Optimize times during each leg for intermediate ∆v to enforce position continuity 
2) Add each intermediate ∆v to overall cycler ∆v 
10) Write to file the final true eph. sol. for current ParentCycler and LaunchWindow 
END LaunchWindow loop 
END ParentCycler loop 
Figure 5.4:  General algorithm 
 
Trade studies are done using different values of nstep, or the number of 
continuation steps used to “walk” the solution to the accurate ephemeris.  The results 
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are inconsistent, meaning the nstep value that leads to the best solution varies depending 
on the parent cyler and launch window.  In order to account for this tuning necessity, 
each parent cycler and launch window is independently “walked” using several 
different number of steps.  Several other loops can be added to consider other tuning 
variables such as input values to SNOPT or the ∆v weighting scalar, W, as discussed in 
the prior section.  However, these tuning loops significantly increase the run-time of the 
algorithm and only provide marginal solution improvement, depending on the specific 
tuning variable.  Therefore, the default input tuning values for SNOPT are generally left 
unchanged, and the ∆v weighting scalar of 1 is used for the final runs.   
If the algorithm as stated in Figure 5.4 is modified such that the nstep loop only 
runs once with a value of nstep=5, a value found to be an excellent compromise 
between efficiency and performance, then the total runtime on a 3.2 GHz processor is 
approximately 1 day (roughly 3 days on a 1 GHz processor).  The code was written in 
FORTAN and compiled with a flag to optimize for speed.  Roughly, a 50% increase in 
solution performance can be achieved if the full algorithm is run including the nstep 
loop.  However, the increase in performance comes at substantial cost.  The full run-
time is approximately 4 days running continuously on 15 computers with an average 
processor speed of 2 GHz (roughly 120 days on a 1 GHz processor).  The results of the 
full run are presented in the next section.   
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5.5 RESULTS 
A full run of the algorithm presented Figure 5.4 requires the evaluation of 203 
parent cyclers, each with twenty-one different launch dates.  Each parent cycler and 
launch window pair is then “walked” to a true ephemeris model 6 different times with 
nstep values of  1, 3, 9, 27, 81, and 243, respectively.  The nstep values are chosen 
somewhat arbitrarily to be powers of three, where the primary goal is to efficiently 
sample a full range of values.  In total, the SNOPT driver is called (203) x (21) x 
[2(1+3+9+27+81+243)+1] times equaling 3,107,727 calls.  The values inside the 
bracket account for the number of steps taken for eccentricity, inclination, and finally 
the last step to the true ephemeris model.   
The lowest total ∆v solution for each ParentCycler-LaunchWindow pair is written 
to a file.  This includes (203) x (21) or 4,263 full reproducible trajectories varying from 
fifteen to forty-nine legs.  Obviously, the full details of each trajectory can not feasibly 
be archived in this document.  However, a summary of the total ∆v required for the full 
seven cycle propagation is presented for a selected set of parent cyclers in Figure 5.5 
and Figure 5.6. 
Total ∆v values are presented for each launch window for seventy-seven of the 
203 parent cyclers evaluated.  All one- and two-synodic period parent cyclers, 
regardless of the solution characteristics, are included in the results.  All three-synodic 
period parent cyclers with at least one launch date with a total ∆v requirement of 300 
m/s or less are also included.   
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The one- and two- synodic period parent cyclers are plotted together in Figure 
5.5a.  In total, 1 one-synodic period parent cycler and 5 two-synodic period parent 
cyclers are evaluated.  The remaining seventy-one parent cyclers have a three-synodic 
period simple model repeat time.  These are sorted according to their simple model 
Earth hyperbolic excess speed and specific sequence of free-returns.   
The shorthand names for each of the parent cyclers are extended to uniquely 
differentiate each one from those presented in Table 4.9 - Table 4.13.  The first number 
is the simple model Earth hyperbolic excess speed, and the last number indicates the 
simple model repeat time in the synodic periods.  The sequence of letters in between 
indicate the type and order of the free-returns that is an abbreviation of the formal 
cycler nomenclature developed in Ref. 25.  The ‘+’ or ‘–’ following each ‘h’ indicates 
whether the half-rev return is above the or below the ecliptic plane.  A capital letter 
indicates the Earth-Mars leg occurs on this Earth-Earth- free return.  If the capital letter 
is an F, a zero or π follows to indicate the longitude of the full revolution return, noting 
that it must be zero or π to exist in the ecliptic plane.  The last number prior to the ‘#’ is 
the repeat time of the cycler in synodic periods.  The unique number that follows the ‘#’ 
is also included for ease of reference to a particular parent cycler. 
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Figure 5.5: Total ∆v for optimized ephemeris cyclers.  Part I 
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Figure 5.6: Total ∆v for optimized ephemeris cyclers.  Part II 
 176
 In general the results are promising.  There are nine, thirty-nine, and seventy-
four parent cyclers that have at least one launch date that requires a total ∆v of less than 
1, 10, and 300 m/s respectively.  Several of the most promising cyclers have 
consistently low ∆v requirements for all launch windows considered.  Most notable is 
cycler 4.991gG2(#83) as seen in Figure 5.5a.  Also known as the “S1L1” cycler, this 
two-synodic period cycler is essentially ballistic for all launch dates.  This is consistent 
with the findings in Ref. 15.  Several three-synodic period cyclers, such as those with 
the prefix 5.658 as seen in Figure 5.6, also exhibit relatively flat lines that hover near a 
∆v of zero.   
 The only one-synodic period cycler investigated is cycler 5.399G1(#1) or more 
commonly known in the literature as the “Aldrin cycler.”  The results of the true 
ephemeris versions of the Aldrin cycler are seen in Figure 5.5a.  Remarkably, a seven 
cycle propagation with a launch date of August 6, 2003 (admittedly already passed) is 
found that is completely ballistic.  The previously published true ephemeris (outbound) 
solution with impulsive maneuvers had a Nov. 1996 launch date with a total ∆v of 1.73 
km/s for seven cycles.13  Looking across all launch windows, this appears to be 
consistent with the magnitudes of ∆v requirements seen in Figure 5.5a.  The clear 
pattern of this extremely simple cycler is evidence that the true ephemeris geometry of 
the Earth and Mars does indeed repeat on the order of every fifteen years (or more 
accurately every thirty-two years) as discussed in Section 5.3.  This previously 
unpublished pattern gives clear preference for the launch opportunities that re-occur 
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every fifteen years with ∆v requirements around 0.5 km/s.  This repeating pattern is 
more difficult to identify for the two- and three-synodic cyclers because their structure 
is much more complicated, and the durations are two or three times longer.  A similar 
less predictable pattern would be expected if the Aldrin cycler were also propagated for 
fourteen or twenty-one synodic periods. 
The Aldrin cycler is very favorable in the sense that only one vehicle is required 
to maintain an outbound Earth-Mars opportunity every synodic period.13  However, it 
requires powered maneuvers in the circular-coplanar model because of high excess 
speeds at the planets.  Therefore, the discovery of a seven cycle ballistic version of the 
Aldrin cycler is a significant find.  Although the exact ballistic opportunity does not 
appear to repeat, there is a clear pattern of a preferred trajectory structure.  Further 
investigation of this structure is an excellent candidate for future work. 
Table 5.5 gives detailed characteristics for the minimum ∆v launch date 
solutions  for each parent cycler documented in Figure 5.5 and Figure 5.6.  In general, 
the average Earth-Mars transit times are inversely related to the excess speeds at the 
planets.  Cycler #23 has the lowest excess speed of any solution, with an average v∞ at 
Earth and Mars of 4.12 km/s and 4.79 km/s respectively, giving an average transit time 
of 187 days.  One of the most promising high energy cyclers is the two-synodic period 
cycler 8.049gGf2 (#188).  It requires a total ∆v of 420 m/s and has an average transit 
time of 95 days.  The corresponding launch date is July 2042 (allowing plenty of 
preparation time!).  The near-ballistic three-synodic period cyclers are too numerous to 
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discuss individually.  Table 5.5, Figure 5.5, and Figure 5.6 demonstrate that ballistic (or 
very near) three-synodic period cyclers are quite common in the accurate ephemeris 
model.  A variety of launch dates and energy and time characteristics are available to 
any mission planner willing to accept that short Earth-Mars encounters only occur every 
three synodic periods.    
Table 5.5: Characteristics of smallest ∆v solutions for selected parent cyclers 
          avg. avg. avg. avg. avg.           avg. avg. avg. avg. avg. 
  total search launch E-M v∞ v∞ v∞ v∞   total search launch E-M v∞ v∞ v∞ v∞ 
Cycler # ∆v space date transit E- E+ M- M+ Cycler # ∆v space date transit E- E+ M- M+ 
    (m/s) (sp)   (days) (km/s) (km/s) (km/s) (km/s)     (m/s) (sp)   (days) (km/s) (km/s) (km/s) (km/s)
6.399G1 1 0 1 Aug-03 143 6.02 6.63 9.33 9.33 5.333gGfff3 131 122 13 Jul-29 154 7.78 7.77 10.20 10.20 
4.991gG2 83 0 11 Jun-25 165 5.37 5.37 5.48 5.48 5.333gfGff3 132 27 14 Sep-30 148 6.68 6.65 9.77 9.77 
8.049gGf2 188 420 19 Jul-42 95 8.65 8.65 10.34 10.34 5.658Gfh-f3 145 4 10 Sep-22 111 6.91 6.72 9.57 9.57 
8.165Gfh-f2 192 1678 20 Oct-43 109 7.78 7.87 9.96 9.96 5.658Gfh+f3 146 6 13 Nov-28 117 6.27 6.29 9.52 9.52 
8.165Gfh+f2 193 2612 19 Sep-41 107 8.02 8.40 10.01 10.01 5.658Gfh-3 147 6 17 Oct-37 111 6.50 7.27 9.46 9.46 
9.353Gg2 195 253 20 Oct-43 101 9.12 9.20 10.73 10.72 5.658gFh-3 148 30 15 Jun-33 143 6.23 6.23 9.39 9.39 
3.406gGff3 19 144 5 Aug-12 191 4.92 4.91 5.12 5.12 5.658Gfh+3 149 20 14 Mar-31 114 6.08 6.37 9.58 9.58 
3.406gfGf3 20 5 5 Aug-11 175 4.84 4.84 5.19 5.19 5.658gFh+3 150 5 7 May-16 140 5.96 6.02 9.42 9.42 
3.406gGh+fh-3 23 99 8 Jan-19 187 4.11 4.12 4.81 4.77 5.658Gffh-3 151 15 14 Mar-31 113 6.09 6.42 9.58 9.58 
3.418gGff3 33 7 1 Dec-03 222 5.39 5.39 5.56 5.56 5.658Gffh+3 152 9 14 Mar-31 113 6.09 6.42 9.57 9.57 
3.418gfGf3 34 20 20 Apr-43 227 6.11 6.11 5.16 5.16 5.658Gfh-f3 153 3 16 May-35 120 6.42 6.36 9.43 9.43 
3.639gGf3 49 2 14 Nov-30 209 5.15 5.15 5.16 5.16 5.658Gfh+f3 154 9 17 Oct-37 112 6.49 7.43 9.41 9.41 
3.768Gh-3 54 0 11 Dec-24 177 4.70 5.49 5.25 5.25 5.658Gfh-f3 155 10 1 Aug-03 118 6.75 7.16 9.44 9.44 
3.768Gh+3 55 0 8 Jul-18 183 4.53 4.99 4.86 4.86 5.658Gfh+f3 156 9 1 Jul-03 118 6.74 7.05 9.44 9.44 
3.768Gh-f3 56 15 17 May-37 200 4.56 5.00 5.03 5.03 5.658Gfh-ff3 157 15 17 Oct-37 112 6.50 6.96 9.43 9.43 
3.768Gh-fff3 62 38 20 Feb-44 173 4.37 5.27 5.19 5.19 5.658Gfh+ff3 158 11 7 Apr-16 109 6.51 6.65 9.57 9.57 
3.768Gfh-ff3 64 7 17 Jul-37 195 4.58 4.70 4.85 4.85 5.658Gfh-ff3 159 7 21 Mar-46 119 6.25 6.71 9.55 9.55 
3.768Gfh+ff3 65 7 17 Jul-37 195 4.59 4.74 4.84 4.84 5.658gfh-fFzero3 160 7 2 Jul-05 113 6.25 6.25 9.74 9.74 
3.784Gg3 74 74 1 Aug-03 176 4.79 5.29 4.69 4.69 5.658gfh-fFpi3 161 47 11 Jul-24 146 6.74 6.76 10.14 10.14 
5.125gGgf3 89 210 11 Jul-25 118 6.33 6.33 9.64 9.64 5.658Gfh+ff3 162 11 10 Nov-22 118 6.84 7.48 9.63 9.63 
5.301gGff3 94 247 21 Oct-46 114 6.48 6.48 9.59 9.59 5.658gfh+fFzero3 163 10 17 Aug-37 110 6.52 6.52 9.85 9.85 
5.301gGff3 96 4 6 Sep-14 120 5.81 5.81 9.46 9.46 5.658gfh+fFpi3 164 271 7 Jan-16 148 6.80 6.68 9.82 9.82 
5.301gGff3 97 185 9 Apr-21 113 7.24 7.24 9.48 9.48 5.658Gfh-ff3 165 27 21 Mar-46 113 6.05 6.38 9.45 9.45 
5.301ggFf3 98 272 16 May-36 130 5.62 5.60 9.44 9.44 5.658Gfh-ff3 166 5 20 Nov-43 119 6.10 6.17 9.57 9.57 
5.301gfGf3 99 150 1 Feb-02 122 6.05 6.05 9.28 9.28 5.658Gfh+ff3 167 9 17 Sep-37 115 6.47 6.39 9.42 9.42 
5.301gFgf3 100 206 9 May-21 114 7.00 7.00 9.53 9.53 5.658Gfh+ff3 168 9 14 Mar-31 113 6.07 6.64 9.47 9.47 
5.301gfGff3 102 87 9 Apr-20 114 7.22 7.23 9.46 9.46 5.658Gfh-fff3 169 14 17 Oct-37 112 6.52 7.31 9.42 9.42 
5.219Ggh-3 111 0 16 Aug-35 119 5.51 6.20 9.02 9.02 5.658Gfh+fff3 170 9 10 Nov-22 118 6.83 7.50 9.62 9.62 
5.219Ggh+3 112 0 16 Apr-35 117 6.64 6.79 9.59 9.59 5.658Gffh-ff3 171 15 13 Feb-29 119 6.44 7.15 9.65 9.66 
5.219Ggfh-f3 113 4 19 Sep-41 128 5.53 5.95 9.54 9.54 5.658Gffh+ff3 172 10 4 Nov-09 110 6.68 6.63 9.79 9.79 
5.219Ggfh+f3 114 6 16 Jun-35 124 5.57 5.58 9.15 9.15 5.679Gfh-f3 175 8 7 Mar-16 111 6.52 6.40 9.61 9.61 
5.225Ggg3 117 0 19 Jan-42 117 5.50 6.36 9.57 9.57 5.679Gfh+f3 176 6 16 Jun-35 113 6.58 6.44 9.43 9.43 
5.333gGf3 122 145 13 Jun-29 153 7.74 7.72 10.09 10.09 5.751Ggf3 177 1 3 Nov-07 113 7.03 7.33 9.78 9.78 
5.333ggF3 123 268 16 Mar-34 156 6.72 6.70 6.24 6.23 5.751ggF3 178 0 9 Sep-20 108 7.39 7.39 9.96 9.96 
5.333gGff3 126 201 10 Feb-23 151 6.70 6.72 9.61 9.61 5.751Ggff3 179 3 19 Dec-41 113 6.82 7.33 9.90 9.90 
5.333gGff3 127 89 13 Jul-29 154 7.77 7.76 10.20 10.20 5.751Gfgf3 180 5 17 Oct-37 109 6.93 7.35 9.56 9.56 
5.333ggFf3 128 2 12 Jul-25 116 6.42 6.42 9.68 9.68 6.205gG3 184 51 20 Sep-42 220 6.50 6.51 6.20 6.20 
5.333gfGf3 129 2 15 Jan-32 140 5.96 5.96 9.40 9.40 7.954Gg3 189 239 19 Oct-41 131 8.26 7.77 6.71 6.71 
5.333gFgf3 130 272 21 Sep-46 149 6.01 6.02 9.49 9.49                    
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If the average excess speeds before and after a flyby are not identical, either 
powered maneuvers are included or one of the transits is on the first or last leg.  The 
corresponding v∞- or v∞+ does not exist and thus is not included in the average.  This is 
seen more clearly in Appendix C, where the full information for each transit leg is 
included, rather than just the averages.  Also in Appendix C, the full reproducible 
trajectories for each solution in Table 5.5 are documented.  This consists of the 
information required to reproduce seventy-seven full cycler trajectories. Each one 
corresponds to the minimum ∆v launch window for the selected parent cycler.  
Although not documented, the remaining 4186 full cycler solutions that result from 
applying the algorithm in Figure 5.4 are archived electronically.  For an electronic 
version of Appendix C or the undocumented solutions, contact the author. 
Table 5.6 gives the average ∆v over all the launch dates for each of the parent 
cyclers documented in Figure 5.5 and Figure 5.6.  The entries are sorted in ascending 
order.  This table gives a metric for the flexibility of each parent cycler with regard to 
launch opportunities.  Impressively, there are twenty different parent cyclers that have 
an average cost over all twenty-one launch periods of less than 100 m/s per seven 
cycles.  In some cases such as cycler 5.658Gfh+fff3(#170), there are as many as forty-
nine legs over the course of a forty-five year trajectory.  It is quite remarkable that so 
many solutions exist that satisfy (or nearly satisfy) the constraints for each of the forty-
eight flybys.  
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As expected, the general performance of an accurate ephemeris cycler is closely 
related to the turn ratio of the circular-coplanar parent cycler, where the turn ratio is the 
ratio of the maximum allowed turning angle to the maximum required turning angle.  
This is seen by comparing the turn ratios given in Table 4.9 - Table 4.13 with the 
average ∆v rankings in Figure 5.6.   
Table 5.6:  Solutions sorted by average ∆v over all the launch dates 
  avg.   avg.   avg.   avg. 
Parent Cycler # tot. ∆v Parent Cycler # tot. ∆v Parent Cycler # tot. ∆v Parent Cycler # tot. ∆v 
  (km/s)   (m/s)   (km/s)   (m/s) 
5.658Gfh+ff3 162 24 5.658Gfh-3 147 106 5.751ggF3 178 273 5.301gGff3 94 709 
5.658Gfh-f3 155 28 5.658Gfh-ff3 165 106 6.205gG3 184 315 9.353Gg2 195 714 
4.991gG2 83 29 5.219Ggfh-f3 113 108 5.301gFgf3 100 346 5.333gFgf3 130 720 
5.658Gfh+ff3 158 30 5.219Ggh+3 112 122 5.125gGgf3 89 361 5.301gfGff3 102 732 
5.658Gfh+f3 156 37 3.768Gfh+ff3 65 126 5.658gFh+3 150 382 8.049gGf2 188 818 
5.658Gfh-ff3 157 37 5.658gfh+fFzero3 163 129 5.301gGff3 97 393 5.333gGfff3 131 823 
5.658Gfh-ff3 159 37 5.658gfh-fFzero3 160 131 5.333ggFf3 128 394 3.784Gg3 74 869 
5.658Gfh+fff3 170 41 5.658Gfh+ff3 167 140 5.333gfGff3 132 403 5.333gGf3 122 871 
5.658Gfh-fff3 169 41 5.219Ggh-3 111 141 5.658gFh-3 148 411 3.406gGff3 19 942 
5.658Gffh+ff3 172 61 5.301gGff3 96 141 3.768Gh-fff3 62 428 3.406gfGf3 20 992 
5.658Gffh-ff3 171 65 5.751Ggff3 179 148 5.333gGff3 127 455 5.333ggF3 123 1176 
5.658Gfh+ff3 168 69 3.768Gfh-ff3 64 153 5.301gfGf3 99 469 5.658gfh-fFpi3 161 1430 
5.679Gfh+f3 176 74 5.225Ggg3 117 158 3.418gfGf3 34 507 5.658gfh+fFpi3 164 1752 
5.333gfGf3 129 75 3.639gGf3 49 161 3.418gGff3 33 526 3.406gGh+fh-3 23 2181 
5.658Gfh-f3 145 82 5.658Gffh-3 151 166 7.954Gg3 189 536 8.165Gfh-f2 192 2471 
5.658Gfh-ff3 166 82 5.658Gfh+3 149 174 3.768Gh-3 54 544 6.399G1 1 3297 
5.751Ggf3 177 88 5.658Gffh+3 152 180 3.768Gh+3 55 551 8.165Gfh+f2 193 3612 
5.219Ggfh+f3 114 91 5.658Gfh-f3 153 207 5.333gGff3 126 595    
5.679Gfh-f3 175 95 5.658Gfh+f3 154 214 3.768Gh-f3 56 597    
5.658Gfh+f3 146 100 5.751Gfgf3 180 238 5.301ggFf3 98 687    
 
 Figure 5.7 - Figure 5.10 give two examples of full trajectory plots representative 
of the solutions documented in Table 5.5.  In general, the trajectories are difficult to 
visualize because of the typical complexity and duration.  The example trajectories 
presented are two of the simplest.  The first one is the seven cycle ballistic propagation 
of the Aldrin cycler, and the second is one of the promising high energy two-synodic 
period cyclers.  Figure 5.8 and Figure 5.10 illustrate the two trajectories plotted in the 
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translating, rotating, and pulsating frame as described in Appendix A.  Contrary to the 
exactly periodic circular-coplanar cyclers seen in Figure 3.10 parts c and d, these 
trajectories are indeed only quasi-periodic in the accurate ephemeris model. 
 
Figure 5.7:  Ballistic Aldrin cycler 6.399G1(#1), 
launch: Aug 6, 2003 
 
 
Figure 5.8:  Aldrin cycler from Figure 5.7 plotted in TRP frame 
 182
 
Figure 5.9:  High energy cycler 8.049gGf2(#188), launch: July 26, 2042,  
∆vtot=420 m/s, avg. transit 95 days 
 
 
Figure 5.10:  High energy cycler from Figure 5.9 plotted in TRP frame 
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In Figure 5.7, note that the trajectory begins and ends almost on opposing sides of 
the sun.  Initially, seven cycles of the idealized cycler have a total duration very near the 
fifteen-year approximate inertial repeat time of Earth and Mars.  Because this total 
duration is not fixed in the optimization procedure, the solution is free to change as 
necessary.  In most cases, the total duration remains in the neighborhood of the original, 
thus increasing the likelihood that the general pattern is repeatable.  However, as seen in 
Figure 5.7, there are times when the optimizer arrives at a much lower cost by departing 
from the original total duration.  Although these patterns are less likely to be repeatable, 
it decided for the broad purposes of this survey, to favor the lowest cost cyclers instead.   
5.6 CHAPTER CONCLUSIONS 
A robust and efficient method is presented to optimize long duration ballistic 
trajectories with multiple flybys.  Analytic gradients are derived, and post-processed 
intermediate maneuvers are optimized to ensure position continuity.  The method is 
applied to a continuation algorithm developed to “walk” several cycles of existing 
circular-coplanar cycler solutions towards analogous accurate ephemeris solutions.  The 
algorithm is then applied to each of the 203 circular-coplanar parent cyclers presented 
in Chapter 4 for a variety launch windows.  Three main conclusions are drawn. 
First, efficiency is the main driver in the development of the constraint function 
and the parameter vector.  The resulting system, complete with analytic gradients, is a 
stand-alone system that could prove useful in the preliminary design of any long-
duration, multiple-flyby, ballistic, patched conic trajectory. 
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Secondly, the continuation algorithm demonstrates the feasibility of 
transitioning simple model solutions to accurate ephemeris solutions.  Again, the 
method is applied to several cycles of Earth-Mars cyclers, but could be applied to any 
similar class trajectory with a known idealized solution. 
Finally, and most importantly, this study demonstrates the existence of hundreds 
of so-called “real world” ballistic cyclers.  It is a broad survey of ephemeris cyclers that 
originate from the general class of idealized cyclers that are composed of Earth to Earth 
free returns.  Although several intermediate steps are necessary, such as finding 
solutions in an idealized model, the ultimate goal of cycler trajectory research, in 
general, is to obtain flyable cycler trajectories.  While the solutions presented in this 
chapter are still subject to approximations, such as Keplerian motion, and the zero-
sphere-of-influence flybys, the next step of using the most accurate model possible is 
expected to be minor compared to the step demonstrated in this chapter.  The solutions 
documented here conservatively represent at least of an order of magnitude increase in 
the number of known accurate ephemeris cycler trajectories.  Many solutions have 
ballistic (or near-ballistic) launch opportunities every synodic period.   
In addition to removing the mentioned assumptions, extensions from this work 
include further customized optimization of individual solutions, such as the Aldrin 
cycler and the two-synodic period cyclers.  On a larger scale, the basic problem could 
could be reformulated to define new classes of cyclers, such as those that incorporate 
Venus and or Mars flybys in the original idealized model.  
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6  Conclusions 
 
6.1 DISSERTATION SUMMARY 
The Earth-Mars cycler problem is approached by first defining the class of 
cyclers that are of interest.  In general, the goal is to find perpetually repeating 
trajectories that have short inbound and outbound transits between Earth and Mars that 
can be maintained with gravity-assisted flybys only.  The problem is immediately 
simplified by excluding flybys at other planets such as Venus.  Because of the non-
trivial inclination and eccentricity of Mars, the relative geometry of Earth and Mars 
only approximately repeats every fifteen years.  This solution space is deemed too large; 
thus, the problem is simplified further by assuming a circular-coplanar model for the 
orbits of Earth and Mars.  In this model, the repeat time for the geometry is a much 
more manageable ~15/7 years.  Because the mass ratio of Mars to Earth is roughly 1:9, 
the scope of the problem is narrowed again by assuming that flybys are only useful at 
Earth instead of Mars.  Because this is clearly a preliminary design, the common 
assumption that trajectories are modeled as patched conics with zero-sphere-of-
influence flybys is also made.  These assumptions narrow the search considerably, but 
still leave room for an entire class of undiscovered cyclers.  This class is defined to 
consist only of Earth to Earth free-return trajectories.  Because of the zero-SOI 
assumption, the Earth to Mars legs or vice-versa can exist as simple intercepts in the 
middle of a Earth-Earth free return legs. 
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Following an introduction, the second chapter fully investigates the concept of 
every conceivable type of free-return trajectory.  General definitions for full-rev returns, 
half-rev returns, and generic returns are proposed that include the possibility for 
multiple revolutions of the sun.  A systematic method is developed to succinctly 
identify all three types of free-returns that exist with a common hyperbolic excess 
speed.  The solutions are expressed geometrically, and the resulting velocity diagram is 
a mission-planning tool with potential applications beyond Earth-Mars cycler 
trajectories.   
The following two chapters present two different approaches to finding useful 
combinations of the three types of free-returns that can be patched together to form 
cyclers.  In the first approach, the problem is simplified further to include only cyclers 
with 1π half-rev returns, 2π full-rev returns, and one or more identical generic returns.  
This simplification allows the full solution space for total periods of up to six synodic 
periods to be examined.  It results in the confirmation of several previously published 
cyclers and the discovery of hundreds more.  In total, twenty-four previously 
unpublished ballistic cyclers with repeat times of four synodic periods or less are 
documented in Chapter 3. 
Chapter 4 removes the assumptions on the free-returns such that cyclers can be 
composed of any generalized nπ return and up to four different or identical generic 
returns.  Combinatorial analysis is used to generate literally trillions of cyclic 
permutations of  free-return trajectories, and the feasible sequences are optimized.  Only 
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cyclers with three- or less synodic period repeat times are considered.  The method 
results in the documentation of 203 ballistic or very near-ballistic cyclers.  Although 
most of the cyclers are new, the global search encompasses all of the previously 
published cycler solutions that fall within its defined class. 
The final main chapter deals with the obvious next step of finding cyclers in a 
more accurate solar system.  An efficient and robust optimization method, complete 
with analytic gradients, is developed that could prove useful for trade studies or 
preliminary design for any long-duration, ballistic, multiple-flyby trajectory.  A 
continuation method is then developed to “walk” the circular-coplanar solutions to 
accurate ephemeris solutions.  At each intermediate step, the optimization method is 
applied, attempting to reduce any powered requirements to zero.  The continuation 
method is applied to all of the parent cyclers documented in Chapter 4 for a variety of 
launch dates.  This broad survey of accurate ephemeris cyclers results in thirty-nine 
parent cyclers with at least one launch date that has a total maneuver requirement of less 
than 10 m/s over seven full cycles.  Twenty parent cyclers are found to have an average 
total requirement over all the launch dates of less than 100 m/s.  The results include a 
ballistic launch opportunity for the Aldrin cycler, several ballistic or near-ballistic 
promising two-synodic period accurate ephemeris cyclers, and an abundance of ballistic 
three-synodic period accurate ephemeris cyclers.  In general, a broad feasibility for 
ballistic or near-ballistic accurate ephemeris cyclers is established. 
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6.2 GLOBAL CLAIMS 
In the realm of optimization, it is somewhat bold to identify a solution as global.  
In particular it is important to clearly define the solution space if globality is indeed 
claimed.  The word appears in the title of the dissertation primarily in reference to a 
global search over the entire solution space for a defined class of cyclers.  In some 
instances, global also refers to solutions to specific optimization problems.  Table 6.1 
gives a summary of any global claims in the context of each main chapter of the 
dissertation. 
Table 6.1:  Summary of global claims 





solutions to any 
celestial body 
in a closed 






solutions with a 
particular out-
going v∞ to any 
celestial body 
in a closed 
Keplerian orbit 
Globally finds all families of 
idealized Earth-Mars free-
return cyclers in the defined 
solution space: 
-Including all half-year π 
returns 
-Including all full-year 2π 
returns 
-Including all identical 
generic free-returns 
-Total repeat times of 6 or 
less synodic periods 
-Transits occur on generic 
returns only. 
 
Globally optimizes each 
family such that the 
maximum turning angle of 
the sequence of associated 
flybys is minimized 
 
Globally finds all families of idealized Earth-
Mars free-return cyclers in the defined solution 
space: 
-Having v∞ at Earth less than 10 km/s 
-Including all possible odd-nπ free-
returns (except no back-to-back 1/2 year 
solutions) where each set of half-rev 
points is associated with just one time of 
flight 
-Including all possible even-nπ free-
returns where each full-rev circle is 
associated with just one time of flight 
-Including up to four identical or non-
identical generic returns 
-Total repeat times of 3 or less synodic 
periods 
-Transits occur on generic or full-rev 
legs. 
 
For each family, a global grid search is 
performed at small intervals for the entire 
solution space of the degrees of freedom 
associated with any full-rev return in the 
sequence.  The best solution is input as a first 
guess into a local minimax optimizer.  
A global search is 
performed in the 
sense that accurate 
ephemeris 
solutions are 






local methods are 
used to optimize 
seven cycles of 
each parent cycler 
for multiple launch 









6.3 GENERAL CONCLUSIONS 
There are two main conclusions based on this work.  First, the documented 
trajectories, both in the circular-coplanar model and in the more accurate ephemeris 
model, represent significant progress in Earth-Mars cycler research.  A global search 
exhausts all possible solutions for an entire defined class of cyclers in the idealized 
model, and accurate ephemeris versions of each of the promising parent cyclers are 
optimized for a variety of launch windows.  Hundreds of launch opportunities for 
ballistic ephemeris cycler solutions result.  In general, the global nature of this study 
frees future researchers to look elsewhere and define new classes of cyclers, at least in 
terms of the idealized model. 
Secondly, the overall method, from defining the original problem, to finding 
idealized solutions, to finding analogous ephemeris solutions, demonstrates the 
feasibility of a generalized approach to designing cyclers.  A similar approach could be 
used to find cyclers of different classes.  In addition, several useful intermediate tools 
that have stand-alone capability are developed along the way.  These include, but are 
not limited to, a detailed method to obtain all possible free-return orbits, several 
combinatorial algorithms used to enumerate large sets of numbers, and an efficient 
optimization method, complete with analytic gradients, for long-duration, multiple-
flyby, patched-conic, ballistic trajectories.  These tools, although developed specifically 
to aid in the search for Earth-Mars cyclers, could be applied to any number of other 
astrodynamic or generally scientific applications. 
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6.4 MOST PROMISING CYCLERS 
Because only one interplanetary transit leg is guaranteed each cycle, the one- 
and two-synodic period cyclers are clearly favorable over the three- or more synodic 
period cyclers (that make up a majority of the solutions documented in this 
dissertation).  Therefore, it is generally recommended that future work focuses on these 
solutions.  In the circular-coplanar case, there are only five fully ballistic cyclers found 
with these repeat times, or six if the near-ballistic Aldrin cycler is included.  In the more 
realistic model, the S1L1 cycler (4.991Gg2), 8.049gGf2, and the Aldrin cycler 
(6.399G1) debatably have the most promising characteristics.  Further optimization of 
these and the other two-synodic period cyclers documented in Chapters 3 and 4 is 
suggested.   
 
6.5 FINAL REMARKS 
This dissertation is not a comparative analysis of Earth-Mars transportation 
systems.  The primary goal is not to sell the idea of cyclers versus any other existing 
system.  Rather, the direction and purpose of this undertaking has been driven more by 
the idea of extracting the full potential from the cycler concept.  That is, to fully 
investigate the free-return cycler trajectory problem, both from a fresh perspective and 
in the context of existing work. 
The ensuing endeavor proved to be an excellent dissertation topic.  While there 
is no lack of supporting literature on Earth-Mars cyclers, the topic had certainly not 
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been exhausted, and still, much work remains.  However, it is stated with confidence, 
that this dissertation documents all potentially useful cyclers in the limited class that is 
addressed. 
The general interpretation of cycler trajectories is yet to be determined.  One 
thing is for certain: the cycler concept leads to a heavily constrained optimization 
problem and there are many clever approaches to solving it.  This dissertation represents 
just a few.  The practical side of cyclers is clearly a visionary topic, especially in the 
context of the current political landscape, the unending debate about the role of humans 
in space, and the extraordinary funding that is required to support it.  However, granted 
that the timescale is quite debatable, extrapolating the progress of human technology 
and exploration, it seems appropriate to assume that humans will eventually colonize 
Mars and perhaps other regions of the solar system.  Barring some global catastrophic 
event, when this vision materializes, accurate ephemeris cycler orbits, like those 
developed in this dissertation, will be a viable approach to obtain and sustain such a 
scenario.   
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Appendix A:  Dynamics of a Translating, Rotating, and 




Figure A1:  Translating, Rotating, and Pulsating Reference Frame   
 
Define a rotating pqw coordinate frame with the origin at r1 and the p direction 
unit vector always pointing towards r2.  The unit vectors are defined as: 
2 1
2 1
ˆˆˆ ˆ ˆ ˆˆ                ˆˆp q
− ×
≡ = ≡ = ≡ ×
− ×
r rp q p kp q w p q
r r p k
 
An arbitrary vector, aijk (where the superscript indicates it is expressed in the ijk 
frame), can be expressed in the pqw frame using the transformation matrix, R.   
[ ]ˆ ˆ ˆ        where:  | |pqw ijk= =a R a R p q wT  
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Now, define a tuv reference frame with pulsating unit vectors that are scaled by 
the non-constant distance p such that the location of r2 is always [1,0,0]T.  An arbitrary 





Alternatively, noting that R is orthogonal and thus RT=R-1, an arbitrary vector, 
atuv, can be expressed in the ijk frame as: 
ijk tuvp=a Ra  
Both the distance p and the transformation matrix R are functions of time.  
Differentiating twice with respect to the inertial ijk frame, an expression below is 
obtained. 
( ) ( ) 2 2 ( ) 2 ( )i ijk t tuv tuv tuv tuv t tuv t tuvp p p p p p= + + + + +a R a Ra Ra Ra R a R a  
The pre-super-script indicates a derivative with respect to that frame.  Both sides 
of the equation above are expressed in the ijk frame.  In order to express them in the tuv 
frame, multiply both sides by RT/p.  Below is the general expression for the inertial 
second derivative of a vector expressed in the tuv frame.  The expressions for the first 




3 3 3 3
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ˆ 2 (2 )
         
/
| |
2 2( ) ( ) 2 ( )                        (A1)
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= − + −
=
= +
   
= + + + + +   
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p p p p
p p
p p p
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The position vector for the spacecraft expressed in the inertial frame is below. 
/ 1 /
ijk ijk ijk
S C S C= +r r ρ  
Differentiate twice with respect to the inertial frame. 
/ 1 /
i ijk i ijk i ijk
S C S C= +r r ρ  
In order to express both sides in the tuv frame, multiply by RT/p.   
/ 1 /
1 1( ) ( ) ( )i ijk i ijk i tuvS C S Cp p
= +R r R r ρT T
 
Now applying Newton’s gravitational law, assuming that the 2-body force due 




1 1( ) ( ) ( )ijk T ijk i tuvS C E S C
S C Ep r p r
µ µ
− = − +
r rR R ρT
 
Now filling in for the expression derived in Eq. (A1) and rearranging yields the 
equations of motion for a body expressed in the tuv frame: 
/
/ 3 3 3 33 3
/
/ 1 /
1 1 2 2( ) ( ) ( ) 2 ( )
                                                       where:  
t tuv T ijk T ijk T t tuv T T tuvS CE
S C x x
E S C
ijk ijk t
S C S C
p p p
p r p r p p p
p
µµ    
= − − + − + +   
   
= +
rrρ R R R R I ρ R R R R I ρ
r r Rρ uv  
Therefore everything is known to integrate directly in this frame if desirable.  
Below, Figure A2 is an example of such an integration.  It shows the trajectory of a 
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spacecraft that performs a Hohman transfer from an inner planet to an outer planet, then 
waits at the outer planet for proper alignment, and returns to the inner planet via 
Hohman transfer.  Both planets have circular co-planar orbits.  The results have been 
verified by integrating in the inertial frame. 
 
Figure A2:  Example Trajectory in the TRP Frame 
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Appendix B:  Combinatorics and Generating Algorithms 
 
This section provides generating algorithms created to solve the sub-problems 
discussed in the Combinatorics section. 
n-Tuples algorithm   
The algorithm used to find the n-tuples of a set of m elements is recursive.  
Begin with all 1-tuples, or simply a row vector of all m elements, or X=[1  2  3  4 … m].  
Then, use the following technique to find all k-tuples based on a complete matrix of all 
(k-1)-tuples. 
1. The columns of the current X represent all (k-1)-tuples of the set of m elements 
2. For each column of X, add m-j+1 columns to X′, the matrix that contains all the 
k-tuples, where j is the last entry, or the (k-1)th entry, of the active column in X.   
3. The first k-1 entries of the m-j+1 new columns in X′ are set equal to the active 
column in X.   
4. The last entry, or the kth entry, of the ith new column in X′ is set equal to i-1+j.  
(for i=1→ m-j+1) 
The pattern is illustrated in the following example that shows the evolution of X 
(and a selected few X′) when calculating all the 4-tuples (n=4) of a set with 3 elements 
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Beaded Necklace Problem 
Below is the algorithm used to generate all the unique combinations to form a 
necklace composed of n beads, and each bead is one of q colors.  A vector x is given 
with q positive integers.  The ith entry of x represents the number of beads in the 
necklace associated with the ith color.  Thus, the necklace has x(1) beads of the 1st color, 
x(2) beads of 2nd color, …, and x(q) beads of qth color.    
1. Obtain a matrix Y composed of all unique necklaces if every bead were a 
different color.  Each column of Y contains a unique cyclic permutation of the 
integers 1→n, each integer representing a different bead.   When  n = 1,2, or 3, 
there is only one unique necklace for each case.  Thus, when n=1, Y=[1],  when 
n=2, Y=[1  2]T, and when n=3, Y=[1  2  3]T.  For n>3, the following steps, a-f, 
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give a recursive algorithm to find all the unique necklaces with k beads of k 
colors using all the unique necklaces of k-1 beads of k-1 colors.   
a. The columns of the current Y represent all unique necklaces of k-1 beads 
of k-1 colors. 
b. For each column of Y, add k-1 columns to Y′, the matrix that contains all 
the unique necklaces with k beads of k colors. 
c. Fill the first entry of the new k-1 columns of Y′ with the first entry of the 
active column of Y. 
d. For the ith new column of Y′, fill the (k-i+1)th entry with k.   
(for i=1→k-1) 
e. For the ith new column of Y′, sequentially fill the empty locations with 
the 2nd through the (k-1)th entry of the active column of Y.   
(for i=1→k-1) 
2. Then, assign each value of the integers 1→n a color value according to the 
vector x., and rewrite the matrix, Y, as X′ with the newly assigned color values. 
3. Now, each column of X′ needs to be checked against all other columns of X′ to 
eliminate repeated necklace patterns.  Store the unique patterns in X. 
 
The pattern is illustrated in the following example that shows the evolution of Y 
(and a selected few Y′), X′, and X for a beaded necklace problem with 2 red beads, 2 
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assign {1 red, 2 red , 3 blue, 4 blue , 5 yellow}     step 2→ → → → →
X ’=
r r r r r r r r r r r r
r r r y r r r y b b b y
b b y r b b y r r r y b
b y b b b y b b b y r r
y b b b y b b b y b b b
r r r r
r r y b
b b r r
b y b b







































Partitions of an integer 
The algorithm used to generate the partitions is given in Chapter 9 of Ref. 47.  
Table A1 lists the useful partitions for this study.  
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Table B1:  The partitions of the integers 1 through 11a 
1 2 3 4 5 6 7 8 9 10 11 
1  2  
 1 1 
 3   
 2 1  
 1 1 1 
 4    
 3 1   
 2 2 1  
 2 1 1  
 1 1 1 1 
 5     
 4 1    
 3 2    
 3 1 1   
 2 2 1   
 2 1 1 1  
 1 1 1 1 1 
 6      
 5 1     
 4 2     
 4 1 1    
 3 3     
 3 2 1    
 3 1 1 1   
 2 2 2    
 2 2 1 1   
 2 1 1 1 1  
 1 1 1 1 1 1 
 7       
 6 1      
 5 2      
 5 1 1     
 4 3      
 4 2 1     
 4 1 1 1    
 3 3 1     
 3 2 2     
 3 2 1 1    
 3 1 1 1 1   
 2 2 2 1    
 2 2 1 1 1   
 2 1 1 1 1 1 
 1 1 1 1 1 1 1
 8        
 7 1       
 6 2       
 6 1 1      
 5 3       
 5 2 1      
 5 1 1 1     
 4 4       
 4 3 1      
 4 2 2      
 4 2 1 1     
 4 1 1 1 1    
 3 3 2      
 3 3 1 1     
 3 2 2 1     
 3 2 1 1 1    
 3 1 1 1 1 1   
 2 2 2 2     
 2 2 2 1 1    
 2 2 1 1 1 1   
 2 1 1 1 1 1 1  
 1 1 1 1 1 1 1 1 
 9         
 8 1        
 7 2        
 7 1 1       
 6 3        
 6 2 1       
 6 1 1 1      
 5 4        
 5 3 1       
 5 2 2       
 5 2 1 1      
 5 1 1 1 1     
 4 4 1       
 4 3 2       
 4 3 1 1      
 4 2 2 1      
 4 2 1 1 1     
 4 1 1 1 1 1    
 3 3 3       
 3 3 2 1      
 3 3 1 1 1     
 3 2 2 2      
 3 2 2 1 1     
 3 2 1 1 1 1    
 3 1 1 1 1 1 1   
 2 2 2 2 1     
 2 2 2 1 1 1    
 2 2 1 1 1 1 1   
 2 1 1 1 1 1 1 1 
 1 1 1 1 1 1 1 1 1
10          
 9 1         
 8 2         
 8 1 1        
 7 3         
 7 2 1        
 7 1 1 1       
 6 4         
 6 3 1        
 6 2 2        
 6 2 1 1       
 6 1 1 1 1      
 5 5         
 5 4 1        
 5 3 2        
 5 3 1 1       
 5 2 2 1       
 5 2 1 1 1      
 5 1 1 1 1 1     
4 4 2        
 4 4 1 1       
 4 3 3        
 4 3 2 1       
 4 3 1 1 1      
 4 2 2 2       
 4 2 2 1 1      
 4 2 1 1 1 1     
 4 1 1 1 1 1 1    
 3 3 3 1       
 3 3 2 2       
 3 3 2 1 1      
 3 3 1 1 1 1     
 3 2 2 2 1      
 3 2 2 1 1 1     
 3 2 1 1 1 1 1    
 3 1 1 1 1 1 1 1   
 2 2 2 2 2      
 2 2 2 2 1 1     
 2 2 2 1 1 1 1    
 2 2 1 1 1 1 1 1   
 2 1 1 1 1 1 1 1 1  
 1 1 1 1 1 1 1 1 1 1 
11           
10 1          
 9 2          
 9 1 1         
 8 3          
 8 2 1         
 8 1 1 1        
 7 4          
 7 3 1         
 7 2 2         
 7 2 1 1        
 7 1 1 1 1       
 6 5          
 6 4 1         
 6 3 2         
 6 3 1 1        
 6 2 2 1        
 6 2 1 1 1       
 6 1 1 1 1 1      
 5 5 1         
 5 4 2         
 5 4 1 1        
 5 3 3         
 5 3 2 1        
 5 3 1 1 1       
 5 2 2 2        
 5 2 2 1 1       
 5 2 1 1 1 1      
 5 1 1 1 1 1 1     
4 4 3         
 4 4 2 1        
 4 4 1 1 1       
 4 3 3 1        
 4 3 2 2        
 4 3 2 1 1       
 4 3 1 1 1 1      
 4 2 2 2 1       
 4 2 2 1 1 1      
 4 2 1 1 1 1 1     
 4 1 1 1 1 1 1 1    
 3 3 3 2        
 3 3 3 1 1       
 3 3 2 2 1       
 3 3 2 1 1 1      
 3 3 1 1 1 1 1     
 3 2 2 2 2       
 3 2 2 2 1 1      
 3 2 2 1 1 1 1     
 3 2 1 1 1 1 1 1    
 3 1 1 1 1 1 1 1 1   
 2 2 2 2 2 1      
 2 2 2 2 1 1 1     
 2 2 2 1 1 1 1 1    
 2 2 1 1 1 1 1 1 1   
 2 1 1 1 1 1 1 1 1 1  
 1 1 1 1 1 1 1 1 1 1 1 
a
 Generated using the algorithm in Ref 47. 
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Appendix C:  Cycler Trajectories Using a Ephemeris Model 
 
 This appendix documents the full trajectories that are summarized in Table 5.5.  
The solutions are found using the method described in Section 5.4.  As Section 5.5 
states, optimized solutions were obtained for twenty-one launch windows for each of 
the 203 cyclers, totaling 4263 trajectories.  Clearly, space and interest prohibit 
documenting all the trajectories.  The 77 presented here represent the lowest ∆v 
solutions of the twenty-one launch date periods for a selected set of the parent cyclers.  
The criteria for the selected cyclers is described in detail in Section 5.5.  For an 
electronic version of this file or a similar file including all 4263 solutions, please 
contact the author.  The format for the solutions is discussed below. 
 Each trajectory begins with a separator line annotated with the shorthand 
descriptor of the circular-coplanar parent cycler.  The “Cycler number” is uniquely 
associated with the shorthand descriptor, and is primarily used for debugging purposes.  
Its value ranges from 1-203, indicating one of the 203 circular-coplanar parent cyclers 
evaluated in Chapter 5.  The approximate search space indicates which launch window 
was used to initiate the search.  Namely, a value of i, indicates that the search was 
initiated with an epoch date between i and i+1 synodic periods following J2000.  The 
total ∆v, given in meters per second, includes the necessary maneuvers at the sphere-of-
influence of every flyby and intermediate maneuvers.  The transit leg information is 
simply a summary of important solution characteristics.  This information, along with 
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the total ∆v is an artifact of the trajectory.  The “Epoch time” and the detailed leg 
information are the only values required to reproduce the solution.  Each leg is 
described as follows.   
The “E/M” column indicates the planet where the ith leg is initiated.  The “time 
start” column gives the time (relative to the epoch) of the beginning of the leg.  The 
planet’s velocity at this time is found using the DE4056 ephemeris.  The spacecraft’s 
velocity at the beginning of the leg is found by adding the planet’s velocity to the given 
v∞.  The spacecraft trajectory is propagated using Kepler’s equation until the given 
“time dv,” when the given ∆v is applied.  The trajectory is propagated further until the 
beginning time of the next leg, where it encounters the next planet.  The DE4056 
ephemeris gives positions and velocities referenced to the Earth’s mean equator and 
equinox of J2000.  These positions and velocities are then rotated by the mean obliquity 
angle of 0.409092629205 radians as given on page 289 of Ref. 5.  Thus, all velocities 
are presented relative to the ecliptic plane.   
 
 




Below are the solutions: 
================ PARENT CYCLER 6.399G1        ======================= 
Parent cycler number                                                1 
Approximate search space (synodic periods after J2000)              1 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 14.56 years (km/s)                        0.000000 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        67.5       ******       10.246        8.479        8.479        
 3       140.8        6.225        6.225        7.278        7.278        
 5       167.1        6.226        6.226        7.431        7.431        
 7       169.9        5.929        5.929        8.663        8.663        
 9       163.0        5.824        5.824       10.149       10.149        
11       150.5        5.881        5.881       11.494       11.494        
13       139.4        6.044        6.044       11.806       11.806        
AVERAGE  142.6        6.022        6.625        9.329        9.329        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             1222.895303 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.913719539E+02  0.834261459E+01 -0.587278061E+01 -0.939815362E+00  0.101491418E+03 -0.757778282E-10 -0.438397685E-09 -0.134807511E-10  
 2 M  0.158835048E+03  0.839462641E+01 -0.677475548E+00 -0.985257408E+00  0.254935785E+03 -0.102013702E-11  0.108792571E-10  0.210204338E-11  
 3 E  0.799506629E+03  0.310668622E+01  0.538933590E+01  0.238389920E+00  0.820630401E+03 -0.138102413E-08 -0.568221282E-09 -0.345867992E-10  
 4 M  0.940331775E+03  0.462032797E+01  0.557723871E+01 -0.722145508E+00  0.103553785E+04 -0.224826957E-10  0.324616860E-10  0.149618202E-11  
 5 E  0.157503895E+04 -0.131365147E+01  0.587628205E+01  0.158336380E+01  0.160010552E+04  0.383772324E-08  0.765410296E-09  0.134760597E-09  
 6 M  0.174214937E+04 -0.228236193E+01  0.706956842E+01 -0.180335036E+00  0.184483555E+04 -0.848185239E-12  0.299427577E-11  0.341604332E-11  
 7 E  0.234618571E+04 -0.414579329E+01  0.390989992E+01  0.163792698E+01  0.237167595E+04  0.226096755E-09  0.591934094E-09  0.195646822E-10  
 8 M  0.251612060E+04 -0.730388434E+01  0.464892090E+01  0.289958457E+00  0.260536593E+04  0.214195707E-11  0.294632767E-11  0.358691007E-11  
 9 E  0.311108949E+04 -0.564474866E+01  0.908224118E+00  0.110764964E+01  0.313554023E+04  0.591580270E-10  0.193025797E-09 -0.251334812E-11  
10 M  0.327409445E+04 -0.101269501E+02  0.880345454E-01  0.667119586E+00  0.336455515E+04  0.774692386E-11  0.195595154E-10  0.133198047E-11  
11 E  0.387716584E+04 -0.511969238E+01 -0.287678333E+01  0.317199932E+00  0.389974383E+04 -0.295492526E-10  0.141486557E-09 -0.409057172E-11  
12 M  0.402768578E+04 -0.984704095E+01 -0.587342786E+01  0.807700399E+00  0.412064327E+04 -0.294632767E-11  0.102708123E-10  0.283413017E-12  
13 E  0.464740236E+04 -0.148757112E+01 -0.582758220E+01 -0.592734464E+00  0.466831935E+04 -0.138087202E-09  0.681854956E-10  0.328330770E-11  
14 M  0.478684900E+04 -0.434960247E+01 -0.109596582E+02  0.581111658E+00  0.488049135E+04 -0.398928137E-10  0.333966738E-10  0.973196459E-12  
15 E  0.541113136E+04 
================ PARENT CYCLER 4.991gG2       ======================= 
Parent cycler number                                               83 
Approximate search space (synodic periods after J2000)             11 
Number of steps to walk eccentricity/inclination              1 /   1 
Number of cycles                                                    7 
Total delta v over 30.07 years (km/s)                        0.000000 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       179.8        5.818        5.818        5.248        5.248        
 5       125.5        5.764        5.764        7.693        7.693        
 8       138.4        3.752        3.752        4.657        4.657        
11       210.9        5.532        5.532        3.198        3.198        
14       154.6        6.946        6.946        6.263        6.263        
17       112.2        5.121        5.121        8.046        8.046        
20       230.2        4.646        4.646        3.219        3.219        
AVERAGE  164.5        5.368        5.368        5.475        5.475        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             9325.742435 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.174074986E+02 -0.238703220E+00  0.579754982E+01 -0.176632468E-02  0.240347612E+03 -0.246767343E-11  0.902746863E-12  0.301369564E-10  
 2 E  0.519582315E+03 -0.227826290E+01  0.532198991E+01  0.573813715E+00  0.564535086E+03 -0.727488314E-13  0.229820172E-12 -0.412405272E-11  
 3 M  0.699393400E+03 -0.499623059E+01  0.707421771E+00  0.144166283E+01  0.111468222E+04 -0.968220811E-11  0.177011134E-10  0.106068623E-10  
 4 E  0.152997105E+04 -0.575383361E+01  0.386418107E+00  0.628610087E-04  0.178763540E+04  0.276478627E-10 -0.757910553E-11  0.224923555E-11  
 5 E  0.206677179E+04 -0.550681663E+01 -0.160954336E+01 -0.550229544E+00  0.208560007E+04  0.410319943E-10 -0.107006918E-10  0.369882340E-11  
 6 M  0.219229367E+04 -0.355470987E+01 -0.672927795E+01  0.112658626E+01  0.244848716E+04  0.240567159E-11 -0.249330086E-11  0.698061980E-11  
 7 E  0.310727040E+04  0.130066966E+01 -0.353985845E+01  0.127838602E-02  0.336108937E+04 -0.279214975E-11 -0.115736777E-12 -0.298533208E-10  
 8 E  0.363605992E+04  0.372962888E+01 -0.150726402E-01 -0.411042515E+00  0.365682578E+04 -0.370357687E-12 -0.279917663E-11  0.124055358E-11  
 9 M  0.377449899E+04  0.463453129E+01 -0.454933848E+00 -0.467039188E-01  0.426411381E+04 -0.104973257E-10  0.235441673E-11 -0.311497269E-11  
10 E  0.468119309E+04  0.398651382E+01  0.380698910E+01  0.599174579E-03  0.493839453E+04  0.215667218E-10  0.108875240E-10  0.209391049E-12  
11 E  0.521702941E+04  0.195647577E+01  0.500455176E+01  0.131545295E+01  0.524866457E+04  0.177176472E-10  0.241691459E-10 -0.128901836E-11  
12 M  0.542793047E+04 -0.106091993E+01  0.286375761E+01  0.950243209E+00  0.557829938E+04  0.652424747E-11  0.728315006E-11 -0.625360942E-11  
13 E  0.621934578E+04 -0.346922206E+01  0.601287549E+01 -0.294263108E-02  0.647390151E+04  0.694255325E-11 -0.189742179E-10 -0.347896187E-11  
14 E  0.676095373E+04 -0.494762984E+01  0.487023018E+01  0.229687664E+00  0.678415083E+04  0.306801663E-10 -0.483515188E-10 -0.203554640E-11  
15 M  0.691560104E+04 -0.580355995E+01 -0.130028398E+01  0.196236847E+01  0.750624237E+04 -0.180880049E-11 -0.783703320E-12 -0.101848364E-11  
16 E  0.777160296E+04 -0.455750356E+01 -0.237566423E+01 -0.883416315E-03  0.802804869E+04  0.972188929E-11  0.213121008E-11 -0.530653406E-11  
17 E  0.830586489E+04 -0.289917665E+01 -0.412851216E+01 -0.880976268E+00  0.832269007E+04  0.425084649E-11 -0.139214809E-11  0.707337715E-12  
18 M  0.841803274E+04 -0.474724840E+00 -0.793519915E+01  0.124113571E+01  0.890636978E+04  0.642835129E-11  0.118613663E-10 -0.129874748E-10  
19 E  0.933942338E+04  0.322773002E+01 -0.335738552E+01  0.125353647E-02  0.960027089E+04  0.866703124E-11 -0.120333181E-10 -0.195906858E-10  
20 E  0.987176523E+04  0.254872658E+01  0.229406465E+01  0.313437961E+01  0.990629794E+04  0.155550229E-10 -0.473859434E-11 -0.870795245E-11  
21 M  0.101019833E+05  0.212149789E+01  0.424849528E+00 -0.238347620E+01  0.105258514E+05 -0.207499508E-11 -0.348202361E-11  0.729177865E-11  
22 E  0.109670202E+05 
================ PARENT CYCLER 8.049gGf2      ======================= 
Parent cycler number                                              188 
Approximate search space (synodic periods after J2000)             19 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 29.95 years (km/s)                        0.436091 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2        96.2       11.685       11.685       11.244       11.244        
 6        76.7        8.689        8.689       11.705       11.705        
10       102.1        6.089        6.089        8.522        8.522        
14       108.1        9.502        9.502       10.069       10.069        
18        91.4       11.088       11.088       11.612       11.612        
22        75.5        7.081        7.081       10.765       10.765        
 204
26       112.5        6.439        6.439        8.425        8.425        
AVERAGE   94.7        8.653        8.653       10.335       10.335        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            15567.931545 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.215814313E+02 -0.686220461E+01  0.943299852E+01 -0.133901350E-02  0.247738521E+03 -0.314952839E-10  0.508415129E-10  0.113031458E-10  
 2 E  0.539501803E+03 -0.977613095E+01  0.637258366E+01  0.593332504E+00  0.553930798E+03  0.191703091E-09  0.314400609E-09  0.258981706E-10  
 3 M  0.635695107E+03 -0.110669417E+02 -0.192220229E+01 -0.510376717E+00  0.726121716E+03 -0.137230750E-11 -0.327766553E-10 -0.209752242E-10  
 4 E  0.116761634E+04 -0.640028065E+01 -0.587067019E+01 -0.271176934E+00  0.140137157E+04 -0.169094176E-07  0.553258335E-08  0.346887151E-05  
 5 E  0.153285889E+04 -0.716169990E+01 -0.493035001E+01 -0.261389264E-02  0.177429683E+04 -0.325418750E-10 -0.607452743E-11 -0.733573053E-12  
 6 E  0.208158148E+04 -0.442527052E+01 -0.742368055E+01 -0.901218506E+00  0.209309238E+04 -0.154419315E-09 -0.295062647E-10  0.379244618E-12  
 7 M  0.215832084E+04 -0.294368226E+00 -0.116847671E+02  0.617971791E+00  0.224696412E+04 -0.508348994E-10  0.183095582E-10  0.221232917E-11  
 8 E  0.274927606E+04  0.527829816E+01 -0.178596893E+01  0.246550763E+01  0.300131850E+04  0.854999355E-05 -0.361705396E-04 -0.837469343E-03  
 9 E  0.311455495E+04  0.540096030E+01 -0.283063892E+01  0.148055420E-02  0.338901420E+04  0.103733220E-10 -0.595548388E-11  0.194776334E-11  
10 E  0.365271034E+04  0.447580351E+01  0.412847266E+01  0.407652954E-01  0.366802570E+04  0.133871077E-09 -0.115650801E-09 -0.471398736E-11  
11 M  0.375481270E+04  0.664118892E+01  0.527066640E+01 -0.858435743E+00  0.383815060E+04  0.620349126E-11 -0.385304265E-10 -0.632201812E-11  
12 E  0.431039870E+04  0.120341614E+01  0.935217422E+01  0.119325811E+01  0.454416535E+04  0.374633848E-05  0.168821458E-05 -0.187880800E-03  
13 E  0.467565909E+04  0.258295956E+01  0.913055053E+01  0.377177379E-02  0.491855809E+04 -0.377434165E-10 -0.557057643E-10  0.855138246E-12  
14 E  0.522770227E+04 -0.199822502E+01  0.922154981E+01  0.112556115E+01  0.524391356E+04  0.386560836E-10 -0.571319721E-09  0.414833677E-11  
15 M  0.533577755E+04 -0.719639155E+01  0.653951981E+01  0.261396054E+01  0.561687807E+04  0.352545758E-02  0.260356785E-01  0.342452071E+00  
16 E  0.584686941E+04 -0.102058981E+02  0.425279807E+01  0.742192448E+00  0.606967870E+04  0.248194632E-06 -0.183087497E-05  0.133166221E-03  
17 E  0.621213054E+04 -0.949165378E+01  0.569381648E+01 -0.111286407E-02  0.644675101E+04  0.455080315E-09 -0.552752235E-09 -0.188194168E-11  
18 E  0.677075071E+04 -0.109020320E+02  0.201198205E+01  0.196851251E+00  0.678445900E+04 -0.545979980E-09 -0.431994135E-08 -0.346580057E-09  
19 M  0.686213934E+04 -0.983689346E+01 -0.613987917E+01  0.612910911E+00  0.698918729E+04  0.361098745E-11  0.902085510E-11 -0.407589795E-11  
20 E  0.741452172E+04 -0.140224597E+01 -0.691615025E+01 -0.651351913E+00  0.765925617E+04  0.126995358E-06  0.459286355E-07 -0.116222772E-04  
21 E  0.777979701E+04 -0.240009873E+01 -0.666911450E+01  0.909572774E-03  0.800751231E+04  0.117231435E-09  0.101195278E-09  0.798102240E-11  
22 E  0.832197628E+04  0.193311293E+01 -0.670258718E+01 -0.121590198E+01  0.833330383E+04 -0.554736294E-09 -0.174608769E-09 -0.306892599E-10  
23 M  0.839749327E+04  0.568618079E+01 -0.913833239E+01  0.198941193E+00  0.848728773E+04 -0.705663665E-11  0.249660762E-11 -0.489153222E-11  
24 E  0.899612303E+04  0.610880025E+01  0.199544212E+01 -0.335866964E+00  0.924448848E+04 -0.582932951E-06  0.466007410E-06 -0.124238527E-03  
25 E  0.936136634E+04  0.633042698E+01  0.111749571E+01 -0.184004786E-02  0.962033609E+04  0.499751404E-10 -0.354402546E-11 -0.136285712E-11  
26 E  0.990088665E+04  0.276463368E+01  0.576484300E+01  0.761426327E+00  0.991776828E+04  0.793466544E-10  0.142521574E-10 -0.299324240E-11  
27 M  0.100134309E+05  0.174125530E+01  0.792187044E+01 -0.227966635E+01  0.101966079E+05  0.504281672E-11 -0.710293136E-11 -0.293888745E-11  
28 E  0.105521869E+05 -0.385930219E+01  0.834630649E+01  0.326150615E+01  0.107859567E+05 -0.291378851E-05 -0.429281669E-05  0.871638207E-04  
29 E  0.109174522E+05 
================ PARENT CYCLER 8.165Gfh-f2    ======================= 
Parent cycler number                                              192 
Approximate search space (synodic periods after J2000)             20 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 30.36 years (km/s)                        1.677496 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       178.5       ******        8.180       10.607       10.607        
 6        81.4        7.626        7.626       11.856       11.856        
11        99.1        6.231        6.231        8.359        8.359        
16       111.3        9.471        9.472        9.556        9.556        
21        95.3        9.574        9.835       11.667       11.667        
26        75.1        7.123        7.123       10.874       10.874        
31       121.3        6.646        6.646        6.795        6.795        
AVERAGE  108.9        7.779        7.873        9.959        9.959        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            16114.706442 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.118341070E+03 -0.776652940E+01  0.104360865E+01  0.234580458E+01 -0.915653486E+02 -0.368386855E-09 -0.414311209E-09 -0.196223439E-10  
 2 M  0.601637364E+02 -0.105977858E+02  0.361455507E+00 -0.249654378E+00  0.422470588E+03  0.248575481E-03 -0.166932604E-03  0.793744065E-02  
 3 E  0.617558893E+03 -0.523317048E+01 -0.428226388E+01 -0.362177109E+01  0.862272817E+03  0.426024218E-04 -0.158347365E-04 -0.703260362E-03  
 4 E  0.982803556E+03  0.486605302E+00 -0.863697137E+00 -0.762202740E+01  0.100964107E+04 -0.473680869E-09  0.101938639E-08 -0.241711299E-09  
 5 E  0.116172031E+04 -0.584834758E+01 -0.213454766E+01  0.437989883E+01  0.128225622E+04 -0.307913680E-04  0.857852898E-04  0.245676729E-03  
 6 E  0.152698063E+04 -0.358320783E+01 -0.667744936E+01 -0.849147109E+00  0.153918699E+04  0.445089255E-08 -0.211834313E-07  0.527855911E-09  
 7 M  0.160835635E+04 -0.702656511E+00 -0.118152358E+02  0.680191080E+00  0.169662079E+04  0.318970558E-10 -0.144654438E-10  0.111603321E-11  
 8 E  0.219678597E+04  0.388150757E+01 -0.152027835E+01 -0.483733297E+01  0.239402190E+04  0.111616730E-02 -0.485230585E-03  0.272941312E-03  
 9 E  0.256203770E+04  0.326771043E+00  0.586216647E+00 -0.633912387E+01  0.258985618E+04 -0.109000955E-07 -0.171172809E-07 -0.435492444E-08  
10 E  0.274749425E+04  0.488325769E+01 -0.350324377E+01  0.163170248E+01  0.286437963E+04 -0.616969723E-05 -0.856922449E-05  0.108924551E-03  
11 E  0.311276105E+04  0.491306178E+01  0.383178059E+01  0.843339928E-01  0.312761920E+04 -0.424420684E-07  0.385607033E-07 -0.361801309E-08  
12 M  0.321181536E+04  0.633697974E+01  0.543153340E+01 -0.463629268E+00  0.355582567E+04  0.100165795E-02  0.109132921E-03  0.129168049E+00  
13 E  0.376667070E+04  0.253221474E+00  0.708980874E+01 -0.582734839E+01  0.397852027E+04 -0.101385847E-03  0.623486707E-03  0.140859196E-04  
14 E  0.413192857E+04 -0.138645922E+01  0.323812987E+00 -0.906772276E+01  0.415958333E+04  0.159349702E-09  0.985435830E-09 -0.786216462E-10  
15 E  0.431629360E+04  0.299990121E+01  0.644120252E+01  0.624389354E+01  0.446604913E+04  0.129088877E-02 -0.644338573E-04 -0.182838676E-03  
16 E  0.468155099E+04 -0.176404172E+01  0.924029643E+01  0.110275877E+01  0.469824385E+04  0.234353416E-07 -0.109730748E-06 -0.419092378E-09  
17 M  0.479283672E+04 -0.737412512E+01  0.599758478E+01  0.984229653E+00  0.508620660E+04  0.214869079E-02  0.817308165E-02  0.514513444E+00  
18 E  0.530752072E+04 -0.690675347E+01  0.175047953E+01 -0.608787555E+01  0.549745662E+04  0.713764026E-04  0.751925203E-04  0.847517346E-04  
19 E  0.567278208E+04 -0.683369119E+00 -0.131973701E+01 -0.926457865E+01  0.575722568E+04 -0.435264916E-06  0.251917616E-06  0.363727897E-05  
20 E  0.585244932E+04 -0.548136907E+01  0.460268341E+01  0.633708866E+01  0.599124626E+04  0.559253754E-03  0.119821051E-02 -0.121839659E-03  
21 E  0.621770442E+04 -0.968537660E+01  0.169660829E+01  0.216873051E+00  0.623200621E+04 -0.193007848E-06  0.173599081E-07  0.601720793E-08  
22 M  0.631304973E+04 -0.100187302E+02 -0.595162193E+01  0.573052933E+00  0.641225116E+04 -0.959656290E-10  0.182850881E-09 -0.254171397E-11  
23 E  0.686416880E+04 -0.109267726E+01 -0.514154702E+01 -0.511950094E+01  0.710889837E+04 -0.877215913E-05 -0.630908647E-03  0.106915796E-02  
24 E  0.722943682E+04  0.820045321E+00 -0.329009544E+00 -0.727422106E+01  0.725649324E+04 -0.919804149E-08  0.102894872E-08 -0.227598274E-08  
25 E  0.740981297E+04 -0.294474881E+01 -0.475821023E+01  0.442060633E+01  0.752669655E+04 -0.312221031E-04  0.163839136E-04  0.221006722E-03  
26 E  0.777507418E+04  0.197467747E+01 -0.673431904E+01 -0.121948337E+01  0.778633563E+04 -0.121673942E-07 -0.927388876E-09 -0.996284913E-09  
27 M  0.785015052E+04  0.566090058E+01 -0.928037069E+01  0.251557026E+00  0.793953229E+04 -0.198405904E-12 -0.288349914E-11  0.556838570E-11  
28 E  0.844602899E+04  0.430964624E+01  0.140038597E+01 -0.489399160E+01  0.868710077E+04 -0.756865752E-03 -0.309597639E-03 -0.850720436E-04  
29 E  0.881128926E+04 -0.117736144E+00  0.747899649E+00 -0.663404891E+01  0.886164404E+04 -0.391271455E-07  0.196666049E-07  0.588314013E-08  
30 E  0.899778842E+04  0.563010684E+01  0.295576619E+00  0.355243776E+01  0.911101522E+04 -0.618254890E-05  0.767596609E-04 -0.577820269E-03  
31 E  0.936303618E+04  0.390936035E+01  0.530666105E+01  0.851636561E+00  0.938123708E+04  0.476513758E-07  0.444872464E-07 -0.532394549E-09  
32 M  0.948437553E+04 -0.459285568E-01  0.676530292E+01 -0.627611643E+00  0.959995466E+04 -0.173357159E-10 -0.148820962E-10  0.588707518E-12  
33 E  0.100622712E+05 -0.504453923E+01  0.134946798E+01 -0.230144516E+00  0.103106583E+05 -0.261243213E-06  0.821613821E-06  0.201531072E-03  
34 E  0.104275464E+05 -0.170260265E+00 -0.425378002E+00 -0.522569766E+01  0.104598411E+05 -0.391091104E-10 -0.282232398E-10  0.573715472E-10  
35 E  0.106069617E+05 -0.463455451E+01  0.234814522E+01  0.125165921E+01  0.107201927E+05  0.110210816E-06  0.229946431E-06  0.582576560E-05  
36 E  0.109722230E+05 
================ PARENT CYCLER 8.165Gfh+f2    ======================= 
Parent cycler number                                              193 
Approximate search space (synodic periods after J2000)             19 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 30.34 years (km/s)                        2.611810 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       185.4       ******        9.455        9.593        9.593        
 6        91.6        9.264        9.276       11.903       11.903        
11        76.6        6.612        6.612       10.100       10.100        
 205
16       112.7        7.553        7.553        8.480        8.480        
21       102.0        9.818       11.036       10.763       10.763        
26        82.5        9.035        9.035       11.905       11.905        
31        96.1        5.838        5.836        7.296        7.296        
AVERAGE  106.7        8.020        8.400       10.006       10.006        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            15334.742414 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.109293925E+03 -0.601422557E+01  0.560015566E+01  0.467494502E+01 -0.684983498E+02 -0.108015911E-06  0.123471374E-06  0.135229409E-07  
 2 M  0.761405074E+02 -0.741184072E+01  0.578377782E+01 -0.190640136E+01  0.218452378E+03 -0.391045554E-08  0.750886984E-09  0.155337335E-08  
 3 E  0.623493856E+03 -0.618013355E+01 -0.143201123E+00  0.668894724E+01  0.835342347E+03 -0.106468262E-02 -0.171272529E-03 -0.776183382E-05  
 4 E  0.988749875E+03 -0.311892453E+00 -0.135911560E+01  0.901166369E+01  0.101561944E+04 -0.279896805E-05 -0.126121335E-05 -0.590127165E-06  
 5 E  0.116788034E+04 -0.644283246E+01  0.301415602E+01 -0.591684642E+01  0.130667884E+04  0.437281876E-04  0.217085882E-03  0.345238400E-04  
 6 E  0.153313954E+04 -0.921098244E+01 -0.109781835E+01 -0.598169926E-01  0.154687753E+04 -0.218677509E-05  0.127620153E-06 -0.107993663E-06  
 7 M  0.162472611E+04 -0.841981587E+01 -0.837617152E+01  0.791925164E+00  0.170918215E+04  0.809383658E-09 -0.162733514E-08 -0.256050963E-09  
 8 E  0.218776638E+04  0.823072086E+00 -0.502943691E+01  0.451057342E+01  0.243980567E+04 -0.516327101E-04 -0.415469871E-04 -0.818866197E-03  
 9 E  0.255304071E+04  0.756617959E+00  0.302442841E-02  0.677225511E+01  0.258030716E+04  0.107222836E-06 -0.160041847E-06 -0.243637449E-07  
10 E  0.273481709E+04 -0.727807167E+00 -0.453906366E+01 -0.473327360E+01  0.290283265E+04 -0.694023234E-03 -0.423968289E-03  0.117503032E-03  
11 E  0.310006831E+04  0.514700447E+01 -0.398173654E+01 -0.116915906E+01  0.311155429E+04  0.941115985E-07 -0.147131785E-06  0.126739350E-07  
12 M  0.317664151E+04  0.845599483E+01 -0.552250671E+01  0.302345236E-01  0.326513623E+04  0.277183795E-09  0.797062651E-10 -0.352178746E-10  
13 E  0.376660630E+04  0.516343056E+01  0.379378963E+01  0.391928826E+01  0.401497107E+04 -0.640577289E-04  0.264442735E-04  0.981185432E-03  
14 E  0.413184860E+04 -0.464144868E+00  0.844331441E+00  0.744058547E+01  0.415980265E+04  0.121646628E-08  0.157819000E-08 -0.127816390E-09  
15 E  0.431820894E+04  0.621972758E+01  0.245136853E+01 -0.355235848E+01  0.443509587E+04  0.297008181E-04 -0.681263561E-04 -0.586433198E-03  
16 E  0.468348062E+04  0.243486745E+01  0.707723857E+01  0.101387970E+01  0.470038079E+04 -0.264144393E-09  0.171266291E-08 -0.784771819E-10  
17 M  0.479614844E+04 -0.138657238E+01  0.823444662E+01 -0.147594926E+01  0.510658008E+04 -0.826304234E-02 -0.147686272E-01  0.335206140E+00  
18 E  0.532230376E+04 -0.467399761E+01  0.485734107E+01  0.707301068E+01  0.554511137E+04 -0.228694623E-04  0.706329058E-04 -0.254284145E-04  
19 E  0.568756214E+04 -0.142233944E+01 -0.797606327E+00  0.964995959E+01  0.571479126E+04  0.113237127E-07  0.160943562E-08  0.367534206E-08  
20 E  0.586908962E+04 -0.211870256E+01  0.700818414E+01 -0.652096779E+01  0.598962044E+04 -0.126827103E-03 -0.560228335E-04  0.572042260E-03  
21 E  0.623433453E+04 -0.754240698E+01  0.801692031E+01  0.789535064E+00  0.624963096E+04  0.856173061E-08  0.443333859E-08 -0.523943388E-09  
22 M  0.633631074E+04 -0.107037063E+02  0.675832476E+00 -0.898825796E+00  0.665232937E+04  0.471185244E-02 -0.480283990E-02  0.111843048E+00  
23 E  0.686300846E+04 -0.621191332E+01 -0.341877457E+01  0.560214783E+01  0.710406962E+04  0.859942639E-04 -0.575121838E-04  0.100259683E-02  
24 E  0.722825264E+04  0.392470127E+00 -0.132336126E+01  0.893764052E+01  0.728545553E+04  0.238810274E-07 -0.289131385E-08 -0.300073553E-08  
25 E  0.740701167E+04 -0.699603210E+01 -0.557313796E+00 -0.567264990E+01  0.753119457E+04  0.314025036E-04 -0.162985431E-03  0.778703447E-03  
26 E  0.777225551E+04 -0.727954000E+01 -0.532188091E+01 -0.570507111E+00  0.778462765E+04  0.192864477E-07 -0.329323973E-07 -0.223208936E-08  
27 M  0.785473645E+04 -0.401434262E+01 -0.111814454E+02  0.769990505E+00  0.808234484E+04  0.173489429E-10 -0.422505372E-10 -0.767128161E-11  
28 E  0.843834770E+04  0.426715316E+01 -0.384336056E+01  0.184607415E+01  0.869037737E+04 -0.207765296E-05 -0.121441329E-04 -0.375020076E-03  
29 E  0.880360809E+04  0.435514641E+00  0.412783304E+00  0.598193279E+01  0.883128677E+04 -0.378566732E-08 -0.143685556E-08  0.811697567E-09  
30 E  0.898813258E+04  0.124847557E+01 -0.218087470E+01 -0.526884947E+01  0.924380875E+04  0.157672846E-03 -0.925898399E-03 -0.392229492E-03  
31 E  0.935338424E+04  0.577305740E+01  0.787593732E+00 -0.338070444E+00  0.936780317E+04 -0.176617629E-09 -0.355898196E-08  0.253006279E-10  
32 M  0.944951040E+04  0.668456638E+01  0.280943472E+01 -0.811307796E+00  0.954131736E+04  0.341258155E-11 -0.139843095E-10  0.445274000E-11  
33 E  0.100615568E+05 -0.228456343E+01  0.462909777E+01  0.127041740E+00  0.103135772E+05 -0.672493852E-07 -0.116182337E-06  0.623569675E-04  
34 E  0.104268037E+05 -0.420477294E+00 -0.172145988E+00  0.512387138E+01  0.104541199E+05  0.635361840E-10  0.908699040E-11  0.495626215E-10  
35 E  0.106089115E+05 -0.142997816E+01  0.502537239E+01 -0.977461477E+00  0.107221410E+05 -0.375297786E-05 -0.109049248E-05  0.117835491E-03  
36 E  0.109741680E+05 
================ PARENT CYCLER 9.353Gg2       ======================= 
Parent cycler number                                              195 
Approximate search space (synodic periods after J2000)             20 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 30.26 years (km/s)                        0.427585 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       183.4       ******        9.655       10.837       10.837        
 4        75.9        8.755        8.755       11.945       11.945        
 7        92.4        6.720        6.720        9.207        9.207        
10        99.7       10.966       10.966       10.663       10.663        
13        85.1       12.710       12.710       12.065       11.968        
16        68.9        8.222        8.222       11.116       11.116        
19       101.1        7.373        7.373        9.283        9.283        
AVERAGE  100.9        9.124        9.200       10.731       10.717        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            16120.957043 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.136594758E+03 -0.836055914E+01  0.181599155E+01  0.447419678E+01 -0.109083705E+03  0.188376485E-08  0.337497702E-08  0.387093225E-09  
 2 M  0.468122614E+02 -0.107424210E+02  0.111622996E+01 -0.892888110E+00  0.129837412E+03  0.107950172E-09  0.861610705E-10 -0.316081272E-10  
 3 E  0.600313262E+03 -0.800327045E+01 -0.353476720E+01 -0.591648461E-03  0.102716030E+04  0.783544596E-09 -0.286585755E-09  0.204641679E-09  
 4 E  0.152824159E+04 -0.439021834E+01 -0.752067823E+01 -0.898538333E+00  0.153961955E+04 -0.465052857E-08 -0.269768539E-08 -0.376590319E-09  
 5 M  0.160409464E+04 -0.525730043E+00 -0.119113586E+02  0.725724390E+00  0.169165603E+04  0.390528954E-11 -0.110297149E-10  0.876974763E-11  
 6 E  0.218783726E+04  0.571315979E+01 -0.355992807E+01 -0.281201028E-03  0.245455513E+04 -0.105911717E-08  0.607937184E-09  0.217063022E-10  
 7 E  0.310755403E+04  0.520840769E+01  0.424654083E+01  0.225994610E-01  0.312141186E+04 -0.884844037E-09  0.461353248E-09 -0.585934453E-10  
 8 M  0.319993955E+04  0.742092484E+01  0.538020071E+01 -0.869352728E+00  0.328161217E+04 -0.186071670E-10  0.198042160E-10  0.270063245E-11  
 9 E  0.374442373E+04  0.438820487E+01  0.100418402E+02 -0.122803526E-02  0.395986922E+04  0.334479286E-09 -0.313645013E-09  0.212250829E-10  
10 E  0.468114326E+04 -0.233339153E+01  0.106512412E+02  0.116454531E+01  0.469610097E+04  0.654957729E-09  0.558388616E-10 -0.543088627E-10  
11 M  0.478086137E+04 -0.737016870E+01  0.731479940E+01  0.242284081E+01  0.485576212E+04 -0.311530337E-10  0.505273702E-11 -0.839856325E-11  
12 E  0.528019971E+04 -0.984782286E+01  0.805348870E+01 -0.104775189E-02  0.596940427E+04  0.167381834E-09  0.235324282E-09 -0.182055303E-10  
13 E  0.622431555E+04 -0.125252827E+02  0.215238608E+01  0.199765584E+00  0.623708386E+04 -0.480818521E-09 -0.459144329E-10  0.189028125E-10  
14 M  0.630943767E+04 -0.102169731E+02 -0.621153962E+01  0.505420088E+00  0.639067110E+04 -0.838264944E-12 -0.545798108E-10  0.373395778E-11  
15 E  0.685099387E+04 -0.357937243E+01 -0.740809731E+01 -0.757964036E-03  0.711945970E+04  0.477167852E-09  0.112861545E-08  0.709217469E-11  
16 E  0.777673812E+04  0.190717112E+01 -0.789322351E+01 -0.129133617E+01  0.778708012E+04 -0.118243305E-09  0.163294176E-08  0.413990452E-10  
17 M  0.784568481E+04  0.587156391E+01 -0.943062596E+01  0.385041742E+00  0.793375610E+04  0.578849225E-10  0.162362165E-10 -0.181665406E-11  
18 E  0.843282675E+04  0.734876816E+01  0.523102414E+00 -0.779464562E-03  0.870029923E+04  0.142093018E-08  0.157803789E-09 -0.419706918E-11  
19 E  0.935514563E+04  0.339857682E+01  0.650056965E+01  0.744284421E+00  0.937030986E+04  0.132909470E-08  0.398200649E-09  0.177941162E-10  
20 M  0.945624056E+04  0.274223842E+01  0.884792365E+01  0.605212222E+00  0.973108224E+04  0.687713657E-02  0.221291448E-02  0.213076543E+00  
21 E  0.997480976E+04  0.376568919E+00  0.123413751E+02 -0.152824543E-02  0.104365948E+05  0.412485874E-10  0.765383842E-10 -0.389888026E-10  
22 E  0.109172282E+05 
================ PARENT CYCLER 3.406gGff3     ======================= 
Parent cycler number                                               19 
Approximate search space (synodic periods after J2000)              5 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.74 years (km/s)                        0.144267 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       122.2        9.523        9.523        7.172        7.172        
 7       188.7        3.844        3.844        3.251        3.251        
12       210.2        4.348        4.348        4.383        4.383        
17       126.9        3.675        3.675        7.110        7.110        
22       365.7        3.569        3.569        2.681        2.681        
27       139.6        5.300        5.300        7.531        7.531        
32       183.1        4.175        4.105        3.690        3.690        
 206
AVERAGE  190.9        4.919        4.909        5.117        5.117        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             4625.516933 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.979584568E+00 -0.896942727E+01  0.316785360E+01 -0.111238286E-03  0.210782586E+03 -0.166555130E-04 -0.170341832E-04 -0.571179534E-06  
 2 E  0.553092746E+03 -0.935321005E+01  0.177802478E+01 -0.229883058E+00  0.571420949E+03 -0.147744020E-03 -0.178199997E-03  0.847658335E-05  
 3 M  0.675280765E+03 -0.523735987E+01 -0.483397774E+01  0.801328645E+00  0.972877094E+03  0.716980407E-07 -0.118317059E-06  0.624081487E-08  
 4 E  0.160526929E+04  0.946454084E+00 -0.104787982E+01 -0.357962098E+01  0.174041218E+04  0.830544802E-04  0.307791776E-03  0.795200739E-04  
 5 E  0.197052034E+04  0.131648341E+01 -0.164272616E+01 -0.321357478E+01  0.221889992E+04  0.491318422E-03 -0.876519261E-03  0.158970381E-03  
 6 E  0.233578442E+04  0.175183389E+01 -0.342413162E+01  0.128615002E-02  0.260031104E+04  0.982912946E-05 -0.236963183E-04  0.469728784E-06  
 7 E  0.286483766E+04  0.318676645E+01  0.203513630E+01  0.694202474E+00  0.289314545E+04 -0.196095449E-04  0.372037227E-04  0.514891752E-07  
 8 M  0.305355627E+04  0.271582917E+01  0.791927356E+00 -0.160145156E+01  0.352474343E+04  0.275317291E-08 -0.824775327E-08 -0.239180694E-09  
 9 E  0.394258864E+04 -0.121131091E-02  0.436064394E+01 -0.376263831E+00  0.418732370E+04  0.109324326E-03 -0.658331076E-04  0.265090660E-03  
10 E  0.430786484E+04 -0.181838850E+00  0.177736443E+01 -0.398106542E+01  0.455624181E+04 -0.932176268E-04  0.465825805E-03  0.908319058E-05  
11 E  0.467312509E+04  0.661419949E+00  0.431938668E+01  0.620625166E-03  0.493338500E+04 -0.107158915E-05 -0.277094085E-05  0.140391671E-07  
12 E  0.520426777E+04 -0.171298622E+01  0.394915218E+01  0.612462823E+00  0.523580281E+04 -0.292444781E-05  0.338116743E-05  0.356910207E-07  
13 M  0.541450133E+04 -0.436463465E+01  0.204434850E+00 -0.339852539E+00  0.558626034E+04 -0.598405433E-09  0.315820864E-09  0.122487988E-08  
14 E  0.627329639E+04 -0.255832739E+01 -0.258939956E+01  0.679218706E+00  0.653262812E+04 -0.318298815E-05  0.355093630E-05 -0.187230291E-03  
15 E  0.663855235E+04  0.847284556E-01 -0.223640468E+00 -0.367428066E+01  0.687962502E+04 -0.248695185E-03 -0.473936523E-04  0.755427794E-04  
16 E  0.700381397E+04 -0.295437405E+01 -0.219960979E+01 -0.214366745E-03  0.726272646E+04 -0.251162229E-06 -0.134335367E-06 -0.314720594E-08  
17 E  0.753220680E+04  0.228338875E+00 -0.350848998E+01 -0.107101534E+01  0.755124554E+04 -0.622902614E-06 -0.485234530E-06  0.365532580E-08  
18 M  0.765913170E+04  0.215649907E+01 -0.677138052E+01  0.219340801E+00  0.827503868E+04 -0.380365612E-08 -0.104750963E-06  0.549702622E-07  
19 E  0.862148636E+04  0.330417094E+01  0.126942767E+01  0.484248838E-01  0.867627103E+04 -0.479176728E-04  0.730671090E-04 -0.509782324E-04  
20 E  0.898671748E+04 -0.127880494E+01 -0.183479024E+00 -0.331060999E+01  0.908168235E+04  0.161858191E-03 -0.452064422E-03 -0.681744800E-04  
21 E  0.935196700E+04  0.346854086E+01  0.793700180E+00  0.511298663E-03  0.961068337E+04  0.116613864E-03  0.696391971E-05  0.183309988E-05  
22 E  0.987995960E+04 -0.598941066E+00  0.350633866E+01 -0.289664756E+00  0.993480850E+04 -0.917410616E-04 -0.925511448E-04 -0.201652501E-04  
23 M  0.102456189E+05 -0.145942147E+01  0.210280611E+01  0.798403058E+00  0.105652446E+05  0.217235418E-06  0.678989206E-07 -0.196678396E-07  
24 E  0.109558983E+05 -0.399861435E+01  0.120949782E+01 -0.320767059E+01  0.112006021E+05  0.470380360E-03  0.269189661E-03 -0.157896244E-02  
25 E  0.113211279E+05 -0.564338963E+00 -0.280620583E+00 -0.524069408E+01  0.114635753E+05 -0.258768171E-03  0.806785507E-03  0.462336523E-04  
26 E  0.116863777E+05 -0.472750707E+01  0.234416655E+01 -0.506951581E-03  0.119431195E+05 -0.558873738E-05  0.427955625E-05  0.534729782E-07  
27 E  0.122212566E+05 -0.528675383E+01  0.200725110E+00 -0.314509992E+00  0.122421948E+05  0.295345453E-06  0.556543057E-06  0.569139392E-07  
28 M  0.123608447E+05 -0.509900179E+01 -0.548890318E+01  0.764404225E+00  0.129653778E+05 -0.142355393E-05  0.747676776E-08  0.380740694E-06  
29 E  0.133054277E+05  0.505252252E+00 -0.828504343E-01  0.417509647E+01  0.135647626E+05  0.676317767E-03 -0.498305539E-03 -0.236927618E-03  
30 E  0.136706881E+05  0.310866560E+01 -0.282823869E+01 -0.216467907E-01  0.138315931E+05 -0.121954629E-01  0.202689474E-01  0.139498863E-03  
31 E  0.140363814E+05  0.269796006E+01 -0.321039939E+01  0.162304063E-02  0.142909965E+05  0.235062715E-03 -0.488717939E-03  0.168683633E-05  
32 E  0.145668295E+05  0.283248197E+01  0.283255814E+01  0.896303531E+00  0.145942999E+05 -0.600995399E-03 -0.375372536E-04 -0.254599095E-05  
33 M  0.147499654E+05  0.302015515E+01  0.182724292E+01  0.107548302E+01  0.149137837E+05  0.141697376E-04 -0.726933127E-05  0.138051279E-03  
34 E  0.156121668E+05  0.184506501E+01  0.668436997E+01 -0.128277127E+01  0.156815673E+05 -0.528302203E-04 -0.443442594E-05 -0.190046822E-03  
35 E  0.159774326E+05  0.537014818E+00  0.347018090E+01 -0.612290981E+01  0.161783231E+05 -0.647703512E-04 -0.318381408E-03  0.425637902E-04  
36 E  0.163426881E+05 
================ PARENT CYCLER 3.406gfGf3     ======================= 
Parent cycler number                                               20 
Approximate search space (synodic periods after J2000)              5 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 45.02 years (km/s)                        0.681385 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 3       126.3        8.523        8.522        7.161        7.161        
 8       189.6        3.863        3.864        3.248        3.248        
13       209.9        4.354        4.354        4.397        4.397        
18       123.0        3.823        3.822        7.678        7.678        
23       240.4        4.675        4.676        2.771        2.771        
28       147.5        4.507        4.507        7.499        7.499        
33       187.3        4.137        4.137        3.594        3.594        
AVERAGE  174.9        4.840        4.841        5.192        5.192        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             4260.260034 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.941051403E+00 -0.788520691E+01  0.321297848E+01 -0.792694239E-03  0.300480594E+03  0.739143975E-04 -0.130386052E-04  0.643996888E-06  
 2 E  0.547098303E+03 -0.742667728E+01  0.406391302E+01 -0.888998294E+00  0.601887604E+03  0.279737662E-03  0.503266503E-03  0.889931652E-06  
 3 E  0.912360307E+03 -0.832816807E+01  0.179517948E+01 -0.213977003E+00  0.931311728E+03 -0.692878169E-03  0.189773770E-03 -0.383852540E-04  
 4 M  0.103870311E+04 -0.530636255E+01 -0.474157474E+01  0.800414134E+00  0.134583067E+04  0.141385429E-06 -0.116404764E-06  0.254585305E-07  
 5 E  0.196939267E+04  0.104601481E+01 -0.127132003E+01 -0.349216985E+01  0.210453554E+04  0.162260244E-03  0.582613268E-03  0.150081708E-03  
 6 E  0.233464367E+04  0.170623431E+01 -0.345612775E+01 -0.338315204E-03  0.259395775E+04 -0.211520418E-04  0.736324597E-04 -0.878281654E-06  
 7 E  0.286385608E+04  0.219221679E+00 -0.230254485E+01  0.309949383E+01  0.303918088E+04  0.588939029E-03  0.110200921E-02  0.180826098E-03  
 8 E  0.322911608E+04  0.319176542E+01  0.205919999E+01  0.709710768E+00  0.325755798E+04 -0.172364221E-04  0.687950121E-04 -0.490051103E-06  
 9 M  0.341872876E+04  0.271611618E+01  0.790838076E+00 -0.159486215E+01  0.388998406E+04  0.964202182E-08 -0.302766450E-07 -0.727237104E-09  
10 E  0.430788971E+04 -0.455055023E-02  0.434696072E+01 -0.449798899E+00  0.454531937E+04  0.158858889E-03 -0.111221262E-03  0.292253461E-03  
11 E  0.467316611E+04  0.659787027E+00  0.430676270E+01 -0.157848808E-02  0.492813179E+04 -0.119957385E-06 -0.260235589E-06 -0.101175601E-08  
12 E  0.520434461E+04  0.189741759E+01  0.393491561E+01  0.248444319E+00  0.531026999E+04  0.488319530E-05 -0.132205562E-06  0.441616600E-04  
13 E  0.556960452E+04 -0.171769952E+01  0.395391080E+01  0.613473328E+00  0.560108331E+04  0.465956126E-06 -0.524805741E-06 -0.506623575E-08  
14 M  0.577946312E+04 -0.436303922E+01  0.225226423E+00 -0.499773164E+00  0.593379554E+04 -0.339526402E-08 -0.671767670E-09  0.985056792E-09  
15 E  0.663686544E+04 -0.240087181E+01 -0.233441593E+01 -0.185580627E+01  0.689618888E+04  0.256891376E-04 -0.415343314E-04 -0.471615214E-03  
16 E  0.700210972E+04 -0.310877447E+01 -0.219813028E+01  0.105109792E-02  0.726132838E+04 -0.609354616E-05 -0.251481249E-05 -0.647594518E-07  
17 E  0.753112739E+04 -0.254545064E+01 -0.808919996E+00  0.274046122E+01  0.763704210E+04  0.723943039E-04 -0.414524481E-03 -0.157072822E-02  
18 E  0.789635053E+04  0.413197344E+00 -0.365000148E+01 -0.105737437E+01  0.791479892E+04 -0.215340604E-05 -0.105893117E-05 -0.224221333E-07  
19 M  0.801933985E+04  0.203228672E+01 -0.740392201E+01 -0.662142798E-01  0.839477646E+04  0.746068366E-08  0.114833898E-07  0.743490112E-09  
20 E  0.900733094E+04 -0.118936378E+01 -0.450560222E+00  0.447500419E+01  0.913882333E+04  0.765790466E-03 -0.417388456E-03 -0.469635300E-04  
21 E  0.937258759E+04  0.379356373E+01  0.255594421E+01  0.838563363E+00  0.962796488E+04 -0.288864650E-02  0.653384173E-02  0.233674135E+00  
22 E  0.990462362E+04  0.418449885E+01  0.119064534E+01 -0.172723470E+01  0.100105508E+05 -0.794669334E-06  0.357141864E-05  0.338882457E-04  
23 E  0.102698899E+05  0.136175892E+01  0.401794001E+01  0.196725440E+01  0.103564401E+05  0.463155105E-08  0.602144793E-07  0.360839485E-05  
24 M  0.105103073E+05  0.980475764E+00  0.193699138E+01  0.172222094E+01  0.109695116E+05  0.462163560E-01 -0.152646994E+00 -0.194669017E-01  
25 E  0.113159289E+05 -0.410360213E+01  0.181272587E+01  0.359149119E+00  0.115679543E+05  0.107222895E-05  0.763204636E-06  0.128038950E-04  
26 E  0.116811831E+05 -0.381817536E+01  0.241964937E+01  0.867382892E-03  0.119417431E+05  0.163730256E-06 -0.144856379E-06 -0.132263397E-08  
27 E  0.122129382E+05 -0.801580962E+00  0.119385767E+01  0.426351600E+01  0.123809571E+05 -0.927712495E-04  0.910433012E-03 -0.247855066E-04  
28 E  0.125781966E+05 -0.449525896E+01 -0.152227879E-01 -0.323722597E+00  0.126003248E+05 -0.104895325E-05  0.449372395E-06 -0.199294248E-07  
29 M  0.127257181E+05 -0.509697313E+01 -0.544593206E+01  0.770229466E+00  0.129899072E+05  0.136029221E-07 -0.478011970E-07 -0.706692815E-08  
30 E  0.136692506E+05 -0.642218787E-01  0.510284918E+00  0.410038130E+01  0.139139737E+05  0.446968149E-04 -0.464374213E-03 -0.172490289E-03  
31 E  0.140345090E+05  0.254192272E+01 -0.325581112E+01 -0.234704157E-03  0.142890393E+05 -0.150808136E-04  0.442255812E-04 -0.393309147E-06  
32 E  0.145647805E+05  0.751023897E+00 -0.235307800E+01  0.333563602E+01  0.146889700E+05  0.298559832E-03  0.247585592E-03  0.638761665E-04  
33 E  0.149300438E+05  0.281920397E+01  0.285997892E+01  0.995619625E+00  0.149581400E+05 -0.861964567E-04  0.229107880E-04  0.357663583E-06  
34 M  0.151173521E+05  0.283473007E+01  0.210729061E+01 -0.661008647E+00  0.154337334E+05 -0.475822754E-05  0.286940753E-05  0.771116197E-06  
35 E  0.160760832E+05  0.486329823E+01 -0.214909859E+01  0.341637260E+01  0.161893169E+05 -0.231974715E-04 -0.853441850E-04  0.559824451E-03  
36 E  0.164413530E+05 
================ PARENT CYCLER 3.406gGh+fh-3  ======================= 
Parent cycler number                                               23 
Approximate search space (synodic periods after J2000)              8 
Number of steps to walk eccentricity/inclination              1 /   1 
Number of cycles                                                    7 
Total delta v over 44.78 years (km/s)                        1.819780 
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---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       185.6        3.775        3.775        3.257        3.257        
 8       210.1        4.352        4.352        4.389        4.389        
14       124.2        3.773        3.773        7.478        7.478        
20       243.5        4.142        4.339        2.793        2.516        
26       155.8        3.885        3.885        7.531        7.531        
32       192.0        4.189        4.083        3.421        3.421        
38       197.8        4.642        4.642        4.819        4.819        
AVERAGE  187.0        4.108        4.121        4.813        4.773        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             6965.408456 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.212288115E+00  0.195654968E+01 -0.324707920E+01  0.409347137E-03  0.258908840E+03  0.573074654E-07 -0.188186806E-06  0.326152437E-08  
 2 E  0.528606341E+03  0.317460075E+01  0.193588011E+01  0.650292102E+00  0.556453085E+03 -0.155900789E-06  0.932167482E-07  0.378085680E-08  
 3 M  0.714251299E+03  0.270769537E+01  0.793154684E+00 -0.162670245E+01  0.131843893E+04 -0.106110447E-06 -0.225698709E-06 -0.115024950E-07  
 4 E  0.160276252E+04 -0.340302350E+00  0.281217485E-01  0.437812405E+01  0.163032866E+04  0.168219438E-08 -0.935993740E-08  0.296881368E-09  
 5 E  0.178653677E+04  0.640514479E+00  0.446220766E+01  0.462880981E+00  0.189610998E+04  0.373493527E-06 -0.135321467E-06  0.218091673E-04  
 6 E  0.215178079E+04  0.324460838E+00 -0.275651956E-01 -0.450231058E+01  0.217900388E+04 -0.139456203E-09  0.212720890E-09 -0.398961205E-11  
 7 E  0.233326802E+04  0.659090664E+00  0.432366794E+01  0.623973900E-03  0.263071672E+04 -0.114278793E-06 -0.156448677E-08  0.585780282E-10  
 8 E  0.286442641E+04 -0.171510160E+01  0.395240281E+01  0.612714611E+00  0.289593432E+04  0.727371255E-08 -0.829541367E-08 -0.846730263E-10  
 9 M  0.307447913E+04 -0.436361281E+01  0.214340128E+00 -0.421592800E+00  0.326324275E+04  0.195373137E-07 -0.252143812E-07  0.517458204E-06  
10 E  0.393249558E+04  0.149380541E+00 -0.194570965E+00  0.375700187E+01  0.395936981E+04 -0.110109887E-07  0.388198677E-08  0.124866838E-08  
11 E  0.411165708E+04 -0.297313591E+01 -0.208999413E+01  0.743113509E+00  0.422122860E+04  0.439230580E-05 -0.616509416E-05 -0.300315916E-03  
12 E  0.447689546E+04 -0.157985005E+00  0.169966035E+00 -0.371562395E+01  0.450481085E+04 -0.731028206E-08  0.118202301E-07  0.172911407E-08  
13 E  0.466299809E+04 -0.306345147E+01 -0.221104017E+01 -0.358934143E-03  0.492209785E+04  0.116192946E-07  0.651985940E-08  0.878245473E-10  
14 E  0.519177311E+04  0.340389035E+00 -0.360413748E+01 -0.106145749E+01  0.521039969E+04 -0.108696939E-07 -0.686128620E-08 -0.233027734E-10  
15 M  0.531595030E+04  0.208568439E+01 -0.718152349E+01 -0.124142854E-01  0.568920740E+04 -0.149199586E-09 -0.245986946E-09 -0.122623116E-10  
16 E  0.629820582E+04 -0.174043059E+00  0.254890188E+00  0.416917806E+01  0.632613933E+04 -0.976269643E-07 -0.837796954E-07  0.179648692E-08  
17 E  0.648442918E+04  0.352788759E+01  0.218691495E+01  0.833369962E+00  0.659035440E+04 -0.510778910E-06  0.655538645E-06 -0.229000380E-04  
18 E  0.684968855E+04  0.158279257E+00 -0.241863276E+00 -0.420404831E+01  0.687654338E+04 -0.212405954E-07 -0.185629093E-06  0.198184086E-07  
19 E  0.702872077E+04  0.361675886E+01  0.205958612E+01 -0.150727835E-02  0.728326600E+04  0.175088644E-06  0.566224012E-07 -0.816692882E-09  
20 E  0.755902332E+04  0.103625951E+01  0.379439866E+01  0.183202282E+01  0.764912431E+04  0.347320764E-02 -0.364614884E-02  0.166848957E+00  
21 M  0.780253949E+04  0.177556489E+01  0.166921654E+01  0.626729815E+00  0.847564064E+04  0.139561158E+00 -0.503667634E-02  0.437631174E+00  
22 E  0.860385038E+04 -0.155777951E+00 -0.221052483E+00  0.389404001E+01  0.863085962E+04  0.529344050E-07 -0.160744495E-08  0.397130332E-08  
23 E  0.878391199E+04  0.907882864E+00 -0.325492421E+00 -0.388420015E+01  0.892270983E+04  0.108323301E-03 -0.154187442E-02  0.141162405E-03  
24 E  0.914916948E+04  0.148167765E+00  0.204624248E+00 -0.399809137E+01  0.917694880E+04  0.536647669E-07 -0.739481621E-08  0.333943921E-08  
25 E  0.933436494E+04 -0.301055842E+01  0.248978368E+01 -0.243643714E-03  0.958842826E+04 -0.390936513E-07  0.472850275E-07  0.870268462E-09  
26 E  0.986366353E+04 -0.385145754E+01 -0.383588529E+00 -0.337755506E+00  0.988703382E+04  0.533281870E-07  0.162974412E-07  0.341266225E-08  
27 M  0.100194654E+05 -0.517041890E+01 -0.542160407E+01  0.765407148E+00  0.108230226E+05  0.152737891E-07 -0.421527000E-07  0.114222028E-08  
28 E  0.109648269E+05  0.225598116E+00  0.213391265E+00  0.421965544E+01  0.109925161E+05 -0.149819605E-09  0.694255325E-10  0.252281374E-10  
29 E  0.111494215E+05  0.262798112E+01 -0.312167639E+01  0.480981323E+00  0.112589971E+05 -0.333539851E-06 -0.271277172E-06  0.267550261E-04  
30 E  0.115146736E+05 -0.205385933E+00 -0.184775325E+00 -0.407868238E+01  0.115417722E+05 -0.237604297E-09  0.325385682E-11 -0.335140639E-11  
31 E  0.116953311E+05  0.264022654E+01 -0.327650913E+01  0.165202401E-02  0.119818012E+05  0.107635864E-08  0.936899132E-09  0.147150127E-10  
32 E  0.122258314E+05  0.278300988E+01  0.276467598E+01  0.113194786E+01  0.122546285E+05  0.123618022E-07 -0.138110680E-08  0.237503647E-09  
33 M  0.124178120E+05  0.237103362E+01  0.941184011E+00 -0.227873174E+01  0.129040561E+05  0.161436270E-10  0.138884133E-12 -0.147820665E-10  
34 E  0.133018922E+05 -0.378687546E+00 -0.503727029E-01  0.465904409E+01  0.133293554E+05 -0.576801345E-08  0.429442966E-08 -0.778423243E-09  
35 E  0.134849801E+05 -0.151564462E+00  0.470026035E+01 -0.110165166E+01  0.135945620E+05  0.238063714E-06  0.104268519E-07 -0.630692940E-05  
36 E  0.138502531E+05  0.377423840E+00  0.302496251E-01 -0.479595322E+01  0.138775781E+05 -0.525970083E-08  0.245904277E-08 -0.819595775E-09  
37 E  0.140324199E+05 -0.196208692E+00  0.465210787E+01 -0.312649249E-03  0.142826233E+05 -0.100992573E-08 -0.355909108E-08  0.733534108E-10  
38 E  0.145647676E+05 -0.230444521E+01  0.400826285E+01  0.417832849E+00  0.146122286E+05 -0.225831552E-08 -0.288259474E-08  0.962444823E-10  
39 M  0.147625221E+05 -0.480178800E+01 -0.384182195E+00 -0.145876139E+00  0.151767115E+05 -0.886543714E-11 -0.813464206E-11 -0.609560805E-11  
40 E  0.156254167E+05  0.150093504E+00 -0.167253609E+00  0.361195573E+01  0.156523146E+05 -0.723913040E-08  0.246789333E-08  0.845308354E-09  
41 E  0.158047360E+05 -0.207577708E+01 -0.167550739E+01 -0.235230701E+01  0.159106562E+05  0.194537317E-04 -0.226077143E-04  0.382155814E-03  
42 E  0.161699782E+05 -0.159990685E+00  0.144373981E+00 -0.356481363E+01  0.161978687E+05 -0.616625378E-08  0.111844913E-07  0.148823194E-08  
43 E  0.163559146E+05 
================ PARENT CYCLER 3.418gGff3     ======================= 
Parent cycler number                                               33 
Approximate search space (synodic periods after J2000)              1 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 45.14 years (km/s)                        0.009457 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       204.9        8.732        8.732        5.444        5.444        
 7       266.0        7.017        7.017        5.034        5.034        
12       153.2        4.157        4.157        6.448        6.448        
17       314.1        3.688        3.688        2.540        2.540        
22       152.7        3.658        3.658        8.451        8.451        
27       279.9        5.540        5.540        2.652        2.652        
32       185.2        4.967        4.967        8.374        8.374        
AVERAGE  222.3        5.394        5.394        5.563        5.563        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             1517.738795 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.863680370E+02  0.519280943E+01  0.701954361E+01  0.738304498E-03  0.168133316E+03  0.992575518E-05  0.410841215E-04 -0.931556421E-05  
 2 E  0.393823194E+03  0.868547522E+01 -0.633510236E+00  0.634419430E+00  0.424551479E+03  0.573153630E-04  0.564617939E-04 -0.147230782E-05  
 3 M  0.598678428E+03  0.542513190E+01  0.324328863E+00  0.316446375E+00  0.812269068E+03  0.485906773E-07 -0.284506213E-07 -0.107106201E-06  
 4 E  0.152733339E+04  0.672331891E+00  0.176798102E+01 -0.676787767E+01  0.177570908E+04  0.600488087E-03  0.187724423E-03  0.403267292E-03  
 5 E  0.189259176E+04 -0.250070377E+01 -0.117162924E+01 -0.645687971E+01  0.213731754E+04  0.273036549E-03 -0.208835041E-03  0.209016859E-03  
 6 E  0.225785412E+04 -0.627084891E+01 -0.314141745E+01  0.127475175E-02  0.251055204E+04 -0.343595679E-04 -0.167250525E-04 -0.765851110E-06  
 7 E  0.274381166E+04 -0.533083499E+01  0.449891731E+01 -0.763199793E+00  0.278371354E+04 -0.748485892E-04 -0.706563905E-04  0.304424588E-04  
 8 M  0.300982421E+04 -0.500115666E+01  0.460470904E+00  0.345077566E+00  0.323815958E+04  0.609286873E-07  0.578363163E-07 -0.237522594E-08  
 9 E  0.392316570E+04  0.217933744E+01  0.353326538E+01  0.161131808E+00  0.402542701E+04  0.321120585E-04 -0.353419878E-05 -0.103937572E-03  
10 E  0.428838466E+04  0.215005878E+01  0.352672341E+01 -0.417437404E+00  0.439066052E+04  0.893242851E-05 -0.777823191E-06  0.441939987E-04  
11 E  0.465365558E+04  0.267737300E+01  0.315535107E+01  0.744885215E-03  0.491248951E+04  0.578663384E-05  0.739791746E-05 -0.342900332E-06  
12 E  0.515141314E+04  0.299579082E+01 -0.248752251E+01 -0.145423175E+01  0.517439158E+04 -0.636398947E-05 -0.163373301E-04  0.359971422E-06  
13 M  0.530460273E+04  0.385340546E+01 -0.516616384E+01 -0.182910867E+00  0.592913271E+04 -0.206299516E-07  0.371128164E-08  0.120364259E-08  
14 E  0.628043083E+04 -0.267323223E+01 -0.253214664E+01  0.340697239E-01  0.638634253E+04 -0.753633457E-05  0.289865367E-05  0.280767026E-04  
15 E  0.664564360E+04 -0.267307450E+01 -0.254449664E+01  0.241288893E+00  0.675521778E+04 -0.635982402E-05  0.126282624E-05 -0.235060501E-03  
16 E  0.701089086E+04 -0.302173382E+01 -0.209773026E+01 -0.428639977E-03  0.726546145E+04 -0.106663108E-05 -0.521111106E-06  0.977702083E-07  
17 E  0.751004889E+04 -0.101480572E+01  0.337828947E+01 -0.107705121E+01  0.755716630E+04  0.144258312E-05  0.145141763E-05 -0.783788839E-07  
18 M  0.782416497E+04 -0.119364508E+01  0.184179194E+01  0.127812516E+01  0.818401372E+04 -0.126379931E-08 -0.328348544E-09 -0.748398152E-09  
19 E  0.860644485E+04  0.138185195E+01 -0.267960519E+00 -0.338671849E+01  0.877811352E+04  0.268790562E-03 -0.205674496E-03  0.130029514E-04  
20 E  0.897169734E+04  0.364899444E+01 -0.366941401E+00  0.216750026E+00  0.907031048E+04  0.446293927E-05 -0.143371110E-04  0.339026996E-04  
21 E  0.933693119E+04  0.356358406E+01 -0.899220991E+00  0.488140169E-03  0.960672022E+04  0.136489387E-05  0.242306666E-07  0.396094857E-06  
22 E  0.983654050E+04 -0.276461167E+01 -0.232793603E+01 -0.563260578E+00  0.985944411E+04 -0.207904280E-05 -0.395738765E-05  0.123902421E-07  
23 M  0.998923123E+04 -0.459383965E+01 -0.706747387E+01  0.608543776E+00  0.103498531E+05  0.211888246E-07 -0.319867849E-08  0.815873443E-09  
24 E  0.109638848E+05 -0.508038546E+01  0.204076473E+01 -0.709343007E+00  0.110771182E+05  0.324526343E-06 -0.260050416E-05 -0.133887132E-04  
25 E  0.113291536E+05 -0.503170689E+01  0.204684257E+01 -0.946800336E+00  0.114460368E+05  0.283035105E-05 -0.452357679E-05 -0.159246865E-03  
 208
26 E  0.116944135E+05 -0.475153610E+01  0.283408544E+01  0.155543944E-03  0.119502689E+05  0.671516937E-05 -0.460503181E-05  0.914950358E-06  
27 E  0.121864432E+05  0.192740972E+01  0.436971009E+01 -0.280666122E+01  0.122284300E+05  0.159312657E-05  0.164789945E-05  0.877952788E-07  
28 M  0.124663557E+05  0.223175000E+01  0.604357467E+00  0.129875547E+01  0.125884033E+05 -0.845478966E-07 -0.266625327E-07  0.215642307E-06  
29 E  0.132800062E+05  0.276303985E+00 -0.267917595E+01 -0.419720083E+01  0.135502916E+05 -0.443384800E-03  0.949013730E-03  0.103679903E-03  
30 E  0.136452568E+05  0.862492983E+00 -0.477613919E+01 -0.118446398E+01  0.137365709E+05 -0.445452751E-04 -0.218860717E-04 -0.624138094E-04  
31 E  0.140105132E+05  0.117046364E+00 -0.497272312E+01  0.132122065E-02  0.142625598E+05 -0.389334109E-06 -0.297496617E-04  0.191714272E-05  
32 E  0.145047222E+05 -0.482735414E+01  0.511135840E+00  0.105121687E+01  0.145417636E+05  0.211673707E-04  0.413533481E-05  0.123603748E-06  
33 M  0.146899292E+05 -0.833261468E+01  0.347382655E-01  0.827548148E+00  0.154753767E+05 -0.322520371E-07 -0.582683948E-07  0.181747630E-07  
34 E  0.156717385E+05 -0.382809712E+01  0.870335805E+01  0.547721112E+00  0.157922686E+05  0.236968381E-04  0.228150633E-04  0.720472408E-04  
35 E  0.160369813E+05 -0.385378002E+01  0.871695347E+01  0.299952588E+00  0.161575167E+05  0.324930871E-04  0.328473743E-04 -0.110027103E-03  
36 E  0.164022401E+05 
================ PARENT CYCLER 3.418gfGf3     ======================= 
Parent cycler number                                               34 
Approximate search space (synodic periods after J2000)             20 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 45.20 years (km/s)                        0.019571 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 3       243.0       13.286       13.287        7.188        7.186        
 8       224.9        6.925        6.925        3.611        3.611        
13       251.8        4.502        4.502        4.996        4.994        
18       138.8        3.684        3.683        6.945        6.945        
23       305.6        3.950        3.950        2.704        2.704        
28       131.4        5.119        5.117        8.212        8.212        
33       293.5        5.317        5.316        2.485        2.485        
AVERAGE  227.0        6.112        6.111        5.163        5.162        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            15971.800569 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.168979542E+03 -0.131804165E+02  0.130659162E+01  0.123871562E-02  0.202885412E+02  0.475363383E-04  0.392021388E-04 -0.798060279E-05  
 2 E  0.292649929E+03 -0.738118050E+01  0.110304109E+02  0.552188828E+00  0.347437650E+03 -0.179593518E-04 -0.254943514E-04  0.135404416E-04  
 3 E  0.657901402E+03 -0.535710719E+01  0.121446702E+02 -0.583209261E+00  0.696782093E+03  0.154035466E-04 -0.126966506E-03 -0.458261269E-04  
 4 M  0.900905719E+03 -0.709362880E+01  0.948097281E+00  0.643312013E+00  0.120606394E+04  0.417773134E-06  0.534625230E-06  0.213470698E-07  
 5 E  0.191809980E+04  0.452582725E+00  0.685384955E+01 -0.629504681E+00  0.197289100E+04  0.119734440E-03 -0.386861258E-05 -0.145973257E-04  
 6 E  0.228337445E+04  0.152315805E+01  0.673803942E+01  0.272428454E-03  0.251714964E+04  0.243627082E-04  0.282598223E-04  0.528625893E-05  
 7 E  0.277040610E+04  0.525848506E+01  0.448302477E+01  0.202294687E+00  0.301511965E+04 -0.799842854E-06  0.263104212E-05  0.346449809E-04  
 8 E  0.313565021E+04  0.665324799E+01  0.188679557E+01 -0.357706467E+00  0.316939017E+04 -0.736250821E-04  0.733255422E-04  0.932106828E-05  
 9 M  0.336058331E+04  0.334672800E+01  0.909741127E+00 -0.100455141E+01  0.384645908E+04  0.159664793E-06 -0.910354985E-06  0.319790398E-06  
10 E  0.427733005E+04 -0.520642442E+00 -0.894742655E+00  0.438358431E+01  0.443074037E+04 -0.141091360E-02 -0.808731500E-03 -0.847869196E-04  
11 E  0.464259273E+04 -0.190204749E+01 -0.408515121E+01  0.823888056E-03  0.490542799E+04  0.610300618E-05  0.403488203E-04 -0.125592941E-04  
12 E  0.513850831E+04 -0.368332454E+01 -0.217243807E+01  0.144967908E+01  0.521155615E+04  0.997128374E-04 -0.622214557E-04 -0.403208429E-03  
13 E  0.550374752E+04 -0.321941323E+01  0.182215913E+01 -0.256576134E+01  0.554151449E+04  0.581331403E-04  0.137714240E-03 -0.462500008E-05  
14 M  0.575552727E+04 -0.495322351E+01 -0.448974853E+00  0.453535116E+00  0.629496318E+04  0.117879065E-06 -0.139148433E-06  0.102998360E-06  
15 E  0.663984844E+04  0.167634289E+01  0.326910600E+01  0.854661926E-01  0.672021180E+04  0.195287894E-04 -0.414156669E-05 -0.250426875E-04  
16 E  0.700513645E+04  0.216781357E+01  0.296516768E+01 -0.983657048E-03  0.727487667E+04 -0.377174310E-05 -0.800647913E-05 -0.188267711E-05  
17 E  0.750465537E+04  0.766154353E+00  0.528908848E+00  0.357102406E+01  0.763614722E+04 -0.174480843E-04 -0.375213095E-04  0.126339145E-04  
18 E  0.786991050E+04  0.193065475E+01 -0.289274959E+01 -0.121194092E+01  0.789072472E+04 -0.123335588E-04 -0.385461986E-04 -0.183077667E-05  
19 M  0.800867198E+04  0.322634457E+01 -0.614869406E+01 -0.137066534E+00  0.818516413E+04  0.736285136E-08 -0.547954119E-08 -0.356232324E-09  
20 E  0.898918391E+04 -0.307743520E+01 -0.249821423E+01 -0.820029470E-01  0.904396781E+04  0.111751144E-04 -0.120018045E-04  0.250207469E-05  
21 E  0.935440988E+04 -0.341418762E+01 -0.200764433E+01  0.129345522E-02  0.972794026E+04  0.177655459E-05 -0.330749834E-06  0.307828689E-06  
22 E  0.985245039E+04 -0.716842664E-01 -0.251163814E+00 -0.394029604E+01  0.100496905E+05 -0.159885375E-03  0.439685465E-04 -0.178877373E-04  
23 E  0.102177099E+05 -0.749090561E+00  0.348690578E+01 -0.169684716E+01  0.102635480E+05 -0.158885729E-04 -0.240479683E-04  0.113952116E-05  
24 M  0.105232971E+05 -0.115799877E+01  0.205042800E+01 -0.132976745E+01  0.109269076E+05 -0.353618809E-07  0.609695721E-08 -0.367996188E-06  
25 E  0.113469920E+05  0.479804893E+01  0.175737472E+01 -0.259580716E+00  0.114017775E+05 -0.187456329E-05  0.426478420E-05  0.148322285E-05  
26 E  0.117122288E+05  0.502919865E+01  0.102376345E+01 -0.108924595E-02  0.119691103E+05 -0.948689655E-05 -0.284626690E-05  0.664726847E-06  
27 E  0.122062316E+05  0.224507603E+00  0.389414024E+00 -0.510081174E+01  0.123523334E+05  0.469884913E-03 -0.191419421E-02  0.888258948E-04  
28 E  0.125714861E+05 -0.500268100E+01 -0.996330456E+00 -0.407696431E+00  0.125911974E+05 -0.904108952E-05  0.107137058E-04  0.973097717E-06  
29 M  0.127028951E+05 -0.493175627E+01 -0.653325684E+01  0.659588273E+00  0.132439368E+05 -0.545938315E-08 -0.107624357E-07  0.570475514E-09  
30 E  0.136690410E+05 -0.166682936E+01  0.125993451E+01  0.487148379E+01  0.138151455E+05 -0.134416944E-03  0.137289432E-02 -0.349681887E-04  
31 E  0.140343023E+05 -0.415162522E+01  0.330361649E+01  0.662571132E-03  0.143546778E+05 -0.396220757E-07 -0.362340237E-07 -0.174814725E-07  
32 E  0.145271876E+05 -0.139745646E+01  0.490158090E+01 -0.153394316E+01  0.145965850E+05 -0.545556066E-04 -0.444725059E-04  0.220416035E-03  
33 E  0.148924370E+05  0.241268494E+01  0.419236688E+01 -0.220594879E+01  0.150098546E+05 -0.678083126E-06  0.446359119E-07  0.674330540E-06  
34 M  0.151859811E+05  0.192544590E+01  0.143702275E+01  0.635196326E+00  0.155415858E+05  0.184969142E-06 -0.688890982E-06 -0.194270759E-06  
35 E  0.159762138E+05 -0.585476020E+00  0.598515882E+01 -0.224447355E+01  0.160456098E+05 -0.349508523E-04 -0.294738611E-04  0.385881822E-03  
36 E  0.163414560E+05 
================ PARENT CYCLER 3.639gGf3      ======================= 
Parent cycler number                                               49 
Approximate search space (synodic periods after J2000)             14 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 44.79 years (km/s)                        0.007701 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2        93.9        7.919        7.919        6.740        6.740        
 6       327.7        3.694        3.694        2.595        2.595        
10       138.2        5.490        5.490        7.509        7.509        
14       224.7        4.170        4.170        2.808        2.808        
18       185.8        5.810        5.811        4.864        4.864        
22       118.5        3.895        3.895        7.429        7.429        
26       372.3        5.045        5.044        4.145        4.145        
AVERAGE  208.7        5.146        5.146        5.156        5.156        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            11272.659420 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.933126310E+01 -0.368752656E+01 -0.700518883E+01 -0.256897984E-03  0.268190384E+03  0.518010799E-04  0.100185542E-03 -0.112732753E-05  
 2 E  0.933828124E+03 -0.155222565E+01 -0.769151016E+01 -0.106812246E+01  0.947915254E+03 -0.120890525E-03  0.124105821E-03 -0.115654994E-04  
 3 M  0.102774233E+04  0.293362637E+01 -0.605891550E+01  0.339969780E+00  0.149861314E+04  0.455347393E-06 -0.328764585E-07 -0.173357748E-08  
 4 E  0.196948396E+04  0.299771401E+01  0.926792030E+00 -0.191602820E+01  0.204984061E+04 -0.596666003E-04  0.548183399E-04  0.301882623E-03  
 5 E  0.233474144E+04  0.361903246E+01  0.735546658E+00 -0.137595212E-02  0.261611277E+04 -0.444926615E-04 -0.225548702E-04 -0.567689370E-06  
 6 E  0.324239089E+04  0.261339839E+00  0.346236703E+01 -0.126164887E+01  0.329154518E+04  0.183122261E-04 -0.373686107E-04  0.482587590E-05  
 7 M  0.357008616E+04 -0.635685966E+00  0.238153839E+01  0.810324389E+00  0.388943996E+04  0.245919237E-06 -0.405113855E-09 -0.308352318E-07  
 8 E  0.429589024E+04 -0.470939905E+01  0.273483010E+01  0.610520952E+00  0.436529036E+04 -0.449888807E-05 -0.418538855E-04 -0.174187816E-03  
 9 E  0.466115403E+04 -0.446393977E+01  0.316677412E+01 -0.348160684E-03  0.492643716E+04  0.700564617E-06 -0.440650670E-06  0.407853032E-08  
10 E  0.557592344E+04 -0.547579929E+01  0.243670694E+00 -0.316111435E+00  0.559664693E+04 -0.547744354E-07  0.337029179E-06  0.191519398E-07  
11 M  0.571408008E+04 -0.506659129E+01 -0.548793438E+01  0.768046751E+00  0.630849963E+04 -0.993018805E-07 -0.277019012E-06  0.418693684E-07  
12 E  0.665760318E+04 -0.376070741E+00  0.836779673E+00 -0.404354805E+01  0.690232533E+04  0.482074426E-04 -0.494237102E-03  0.111796219E-03  
13 E  0.702286012E+04  0.278652443E+01 -0.307660433E+01  0.127368444E-02  0.729571981E+04  0.457939803E-04 -0.478152206E-04 -0.855125241E-05  
14 E  0.793239242E+04  0.278197392E+01  0.206116480E+01  0.232322059E+01  0.796610170E+04 -0.105766909E-03 -0.128305020E-04 -0.402551638E-05  
15 M  0.815712096E+04  0.218232219E+01  0.895743319E+00  0.152289252E+01  0.884664682E+04  0.467167646E-05  0.985802894E-06  0.563865264E-04  
 209
16 E  0.898787500E+04 -0.550747285E+00  0.570006150E+01 -0.963463420E+00  0.904266419E+04 -0.645266555E-05 -0.221873641E-05  0.482134596E-05  
17 E  0.935313628E+04 -0.369352777E-01  0.578705014E+01  0.848218607E-02  0.962795233E+04  0.107264354E-05 -0.974746733E-05 -0.158018236E-07  
18 E  0.102691898E+05 -0.278431384E+01  0.508734664E+01  0.358553624E+00  0.102970610E+05 -0.105033185E-04 -0.333489776E-05  0.528463086E-06  
19 M  0.104549977E+05 -0.482673815E+01 -0.360327985E+00 -0.484248535E+00  0.106699533E+05 -0.771035600E-08  0.128169222E-07  0.278562623E-07  
20 E  0.113148201E+05 -0.272577005E+01 -0.279699326E+01 -0.264149009E+00  0.113696051E+05 -0.210621505E-04  0.130030099E-04 -0.691790485E-06  
21 E  0.116800534E+05 -0.293888936E+01 -0.255977302E+01  0.125515979E-01  0.119707903E+05 -0.759813090E-05 -0.112232630E-04  0.276974114E-07  
22 E  0.125886064E+05  0.155579697E+01 -0.340256266E+01 -0.108192551E+01  0.126063867E+05  0.978576323E-05 -0.152696741E-05  0.605751250E-06  
23 M  0.127071421E+05  0.345214463E+01 -0.656914178E+01 -0.345074563E+00  0.130557531E+05  0.156465078E-06  0.164052530E-06  0.953531055E-08  
24 E  0.137031735E+05 -0.311615912E+00  0.294994648E+00 -0.503278504E+01  0.138237087E+05 -0.927365084E-03  0.151014926E-03  0.300874006E-04  
25 E  0.140684317E+05  0.270226365E+01  0.427243648E+01 -0.667623658E-02  0.143240984E+05  0.327568083E-04  0.385235548E-04  0.282653894E-08  
26 E  0.149815271E+05 -0.545283493E+00  0.482938142E+01  0.135052265E+01  0.150373737E+05  0.868426463E-04  0.837150447E-05 -0.283800166E-05  
27 M  0.153538375E+05 -0.214891346E+01  0.346093877E+01  0.763690062E+00  0.156798343E+05  0.102124347E-07  0.254151250E-07  0.175892920E-08  
28 E  0.160058311E+05 -0.590947490E+01  0.910194006E+00  0.239387152E+00  0.160715749E+05  0.186317032E-05 -0.852924153E-05  0.244584415E-04  
29 E  0.163710741E+05 
================ PARENT CYCLER 3.768Gh-3      ======================= 
Parent cycler number                                               54 
Approximate search space (synodic periods after J2000)             11 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.66 years (km/s)                        0.000000 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       221.5       ******       10.192        3.768        3.768        
 4       122.9        5.862        5.862        7.953        7.953        
 7       214.8        4.302        4.302        2.737        2.737        
10       174.2        5.469        5.469        5.632        5.632        
13       137.9        3.665        3.665        5.696        5.696        
16       238.0        4.266        4.266        3.260        3.260        
19       130.1        4.655        4.655        7.668        7.668        
AVERAGE  177.1        4.703        5.487        5.245        5.245        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             9063.079462 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.544261030E+02 -0.216961725E+00  0.101766180E+02  0.520259079E+00  0.876575533E+02 -0.335570519E-10  0.375842784E-10  0.104457608E-11  
 2 M  0.275969105E+03 -0.331606979E+01  0.147205622E+01  0.101730044E+01  0.590276242E+03 -0.705332988E-11  0.420620516E-11  0.239358123E-11  
 3 E  0.104257188E+04 -0.558781423E+01  0.179105897E+01 -0.123686602E-02  0.213679522E+04 -0.498660172E-11 -0.109850735E-10  0.237865234E-11  
 4 E  0.232989346E+04 -0.558158446E+01 -0.171080289E+01 -0.532483706E+00  0.234832660E+04 -0.235124223E-09  0.741905810E-10  0.332825904E-11  
 5 M  0.245278108E+04 -0.378926514E+01 -0.696224123E+01  0.649795404E+00  0.277871152E+04  0.354716689E-10 -0.162626706E-10  0.141315122E-11  
 6 E  0.341140003E+04  0.108172368E+00  0.301430875E+00 -0.437683444E+01  0.369333831E+04 -0.587612152E-11  0.687972472E-11 -0.261348110E-10  
 7 E  0.469293767E+04  0.278535914E+01  0.272299986E+01  0.182686197E+01  0.472515906E+04 -0.584553394E-10  0.251975498E-11  0.524246267E-11  
 8 M  0.490774697E+04  0.202000374E+01  0.905123229E+00  0.160983392E+01  0.527928881E+04  0.236599040E-11  0.112099336E-11  0.154425929E-11  
 9 E  0.573339551E+04 -0.114078098E+01  0.342833115E+01 -0.396517512E+01  0.598906077E+04  0.709301107E-12  0.148804428E-12  0.253380873E-12  
10 E  0.701172184E+04 -0.374761365E+01  0.397924906E+01  0.181604274E+00  0.703785613E+04  0.582652005E-11 -0.148076940E-10  0.114186731E-12  
11 M  0.718595048E+04 -0.539688339E+01 -0.159303206E+01  0.236592535E+00  0.761217107E+04 -0.351839803E-11 -0.595879065E-11  0.885928862E-12  
12 E  0.805578842E+04 -0.225945646E+01 -0.290071324E+01 -0.114011969E-02  0.909147786E+04 -0.272312103E-11  0.153433899E-11 -0.228998486E-11  
13 E  0.933441735E+04  0.319559223E+01 -0.148475273E+01 -0.100892024E+01  0.935510187E+04  0.526635404E-10  0.704936177E-10  0.847358548E-13  
14 M  0.947231413E+04  0.464739208E+01 -0.329327263E+01  0.697784563E-01  0.995096172E+04  0.343109943E-10  0.136999277E-10 -0.189002291E-12  
15 E  0.104108388E+05  0.346414288E+01  0.248281331E+01 -0.340554113E-02  0.107054669E+05 -0.895141303E-11 -0.166826298E-10 -0.509620633E-11  
16 E  0.116918305E+05 -0.100889523E+00  0.394713246E+01  0.161408808E+01  0.117275244E+05 -0.179193599E-10 -0.335702789E-10  0.112182005E-11  
17 M  0.119297899E+05 -0.224760068E+01  0.186281871E+01  0.145168657E+01  0.120507703E+05  0.740715375E-12 -0.233953628E-12 -0.389040910E-11  
18 E  0.127363257E+05 -0.452106189E+01  0.108721153E+01 -0.112686885E-03  0.134288739E+05  0.385899483E-11  0.195429815E-11  0.790497084E-12  
19 E  0.140188225E+05 -0.396080770E+01 -0.234503487E+01 -0.696408166E+00  0.140383351E+05  0.131397617E-09 -0.320557805E-10 -0.206548813E-11  
20 M  0.141489070E+05 -0.248618346E+01 -0.721205930E+01  0.774444667E+00  0.144498931E+05 -0.206507478E-10  0.117555498E-10  0.294147086E-12  
21 E  0.150894886E+05  0.281758080E+01 -0.191298279E+01  0.528412709E-02  0.161370713E+05 -0.575377121E-11 -0.911013776E-12 -0.517853901E-11  
22 E  0.163670285E+05 
================ PARENT CYCLER 3.768Gh+3      ======================= 
Parent cycler number                                               55 
Approximate search space (synodic periods after J2000)              8 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 44.69 years (km/s)                        0.000000 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        93.5       ******        7.712        5.921        5.921        
 4       262.8        4.725        4.725        2.843        2.843        
 7       132.5        4.695        4.695        8.061        8.061        
10       235.7        4.561        4.561        2.574        2.574        
13       176.6        5.181        5.181        5.651        5.651        
16       141.6        3.772        3.772        5.745        5.745        
19       239.5        4.250        4.250        3.235        3.235        
AVERAGE  183.2        4.531        4.985        4.862        4.862        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             6723.187401 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.348860951E+02  0.265146145E+01 -0.718053080E+01 -0.942743041E+00  0.489115413E+02 -0.543506520E-09  0.360056287E-09  0.296393620E-10  
 2 M  0.128389070E+03  0.461370874E+01 -0.369597641E+01  0.340655974E+00  0.571355522E+03  0.131609250E-10 -0.106312497E-11  0.543136162E-11  
 3 E  0.105123584E+04  0.427532396E+01  0.200822703E+01  0.217826774E-01  0.137193311E+04  0.711814248E-10  0.117238049E-09  0.490426521E-11  
 4 E  0.233402492E+04  0.361893209E+00  0.371920668E+01  0.289230956E+01  0.237345167E+04  0.121394652E-09  0.237276927E-09 -0.572070356E-12  
 5 M  0.259686992E+04 -0.172550850E+01  0.191822126E+01  0.119480642E+01  0.292693030E+04 -0.309513210E-11 -0.156476123E-10 -0.525563806E-11  
 6 E  0.338272796E+04 -0.269443969E+01  0.754803621E+00  0.368852697E+01  0.368876732E+04  0.700802720E-10  0.242757890E-10  0.970204870E-11  
 7 E  0.465789197E+04 -0.437010002E+01 -0.163218604E+01 -0.530993610E+00  0.467776206E+04 -0.246597045E-09 -0.843158956E-10 -0.178151968E-11  
 8 M  0.479035926E+04 -0.398354089E+01 -0.697890559E+01  0.637354886E+00  0.511767884E+04  0.391190307E-10 -0.191775840E-10  0.229703919E-11  
 9 E  0.575306392E+04  0.112089299E+00  0.335930882E+00 -0.463325605E+01  0.606064959E+04 -0.150920758E-10 -0.540490750E-11 -0.793747619E-11  
10 E  0.703467090E+04  0.282503669E+01  0.262276886E+01  0.243766149E+01  0.709122916E+04  0.281008895E-10 -0.597532447E-11 -0.591869612E-11  
11 M  0.727033030E+04  0.231770977E+01  0.636924412E+00  0.921306198E+00  0.764634730E+04  0.361098745E-11  0.254951587E-11  0.206424809E-11  
12 E  0.807036648E+04 -0.924157399E+00  0.354483591E+01  0.354917021E+01  0.836442643E+04 -0.276445559E-11  0.545946912E-11 -0.111954665E-11  
13 E  0.934888801E+04 -0.357183831E+01  0.374844153E+01  0.190403312E+00  0.937537136E+04 -0.139545486E-11 -0.122995127E-10 -0.411692251E-12  
14 M  0.952544366E+04 -0.542516918E+01 -0.157902170E+01  0.103833402E+00  0.965565638E+04  0.545946912E-11 -0.273469471E-11 -0.327483412E-11  
15 E  0.103935284E+05 -0.176767805E+01 -0.220464620E+01  0.255451953E+01  0.106995932E+05  0.519162115E-12 -0.106312497E-10 -0.558285279E-11  
16 E  0.116687982E+05  0.332769663E+01 -0.142397640E+01 -0.106160687E+01  0.116900358E+05 -0.434045982E-10 -0.253777685E-10  0.269232678E-11  
17 M  0.118103820E+05  0.463558871E+01 -0.339318828E+01  0.764179252E-01  0.122802555E+05  0.131080167E-10  0.252140836E-11  0.431972021E-11  
18 E  0.127501290E+05  0.347506176E+01  0.243757967E+01 -0.206852868E-02  0.130319325E+05 -0.392380743E-10 -0.542474809E-10  0.689400811E-10  
19 E  0.140310541E+05 -0.116402153E+00  0.390707321E+01  0.166724314E+01  0.140669804E+05 -0.308951060E-10 -0.898282730E-10  0.679126875E-12  
20 M  0.142705628E+05 -0.188059349E+01  0.184991953E+01  0.187239071E+01  0.146288293E+05 -0.628946715E-11  0.144174957E-11  0.153289228E-11  
21 E  0.150848050E+05 -0.268710654E+01  0.151003205E+00  0.336163201E+01  0.153779999E+05  0.278277507E-09  0.667139852E-10  0.254350169E-10  
22 E  0.163595656E+05 
================ PARENT CYCLER 3.768Gh-f3     ======================= 
Parent cycler number                                               56 
Approximate search space (synodic periods after J2000)             17 
Number of steps to walk eccentricity/inclination              1 /   1 
 210
Number of cycles                                                    7 
Total delta v over 45.04 years (km/s)                        0.033288 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       337.6       ******        7.656        3.320        3.319        
 5       177.6        4.889        4.889        5.782        5.782        
 9       137.1        3.644        3.643        5.677        5.678        
13       227.2        4.308        4.307        3.581        3.581        
17       124.9        4.839        4.840        8.174        8.174        
21       225.8        4.597        4.597        2.597        2.597        
25       169.6        5.067        5.068        6.086        6.086        
AVERAGE  200.0        4.557        5.000        5.031        5.031        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13742.863583 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.775507826E+02  0.472168137E+01  0.592253739E+01 -0.111608164E+01 -0.269149535E+02  0.212016453E-02 -0.175613305E-02  0.142890532E-03  
 2 M  0.260021412E+03  0.323384636E+01 -0.283950129E+00  0.690279611E+00  0.378138072E+03 -0.290140581E-04 -0.210686946E-05  0.635870460E-04  
 3 E  0.104746581E+04 -0.373499791E+00 -0.422499335E-01 -0.470990988E+01  0.107490955E+04  0.441292835E-03 -0.345252607E-05 -0.734802780E-04  
 4 E  0.123042409E+04 -0.348805520E+01  0.272372930E+01  0.207027355E+01  0.139478738E+04  0.441242018E-04  0.139040514E-03 -0.290563666E-03  
 5 E  0.232617935E+04 -0.343652358E+01  0.347009675E+01  0.215909010E+00  0.235281781E+04  0.136391329E-03  0.113706982E-03 -0.788769195E-04  
 6 M  0.250376905E+04 -0.552624513E+01 -0.157446680E+01  0.643251763E+00  0.279266757E+04  0.612396279E-04 -0.179225841E-03 -0.492076867E-04  
 7 E  0.340657691E+04  0.220471844E+00 -0.336719500E-01 -0.376692623E+01  0.343376498E+04 -0.341546678E-03  0.271633431E-03 -0.770356922E-04  
 8 E  0.358783069E+04  0.309831066E+01 -0.194391636E+01  0.386263976E-03  0.414323823E+04  0.484591827E-03  0.686924740E-04  0.149228479E-04  
 9 E  0.465592212E+04  0.316317443E+01 -0.150780542E+01 -0.997629632E+00  0.467648956E+04 -0.793490103E-03 -0.657135710E-03  0.516851366E-04  
10 M  0.479303835E+04  0.464596783E+01 -0.326290016E+01  0.629794704E-01  0.529039967E+04 -0.265597074E-03 -0.237593667E-03 -0.991347246E-04  
11 E  0.573145592E+04 -0.189066864E+00  0.236214892E+00 -0.424188488E+01  0.575938532E+04 -0.864616685E-04 -0.342317854E-03 -0.371374406E-04  
12 E  0.591765189E+04 -0.399970817E+01  0.991467443E+00  0.126236456E+01  0.636690926E+04  0.120538189E-03  0.178906128E-03  0.218432455E-03  
13 E  0.701340158E+04 -0.149937222E+00  0.404950018E+01  0.146011798E+01  0.704748282E+04  0.240915987E-04  0.271605734E-03 -0.100222844E-03  
14 M  0.724060986E+04 -0.159168776E+01  0.200872273E+01  0.250106740E+01  0.756224545E+04 -0.120385081E-04 -0.161792540E-03 -0.692554380E-04  
15 E  0.806531651E+04 -0.350836529E-01 -0.379337542E+00 -0.476518039E+01  0.809216458E+04  0.284797737E-03  0.125212822E-03  0.691145583E-05  
16 E  0.824430362E+04  0.117538620E+01 -0.331888418E+01  0.331387957E+01  0.840866970E+04  0.320639472E-03 -0.513002150E-03  0.139749611E-03  
17 E  0.934007748E+04 -0.405200157E+01 -0.256229202E+01 -0.661092841E+00  0.935881103E+04 -0.171417004E-02  0.103763833E-03 -0.547275413E-04  
18 M  0.946496785E+04 -0.291134168E+01 -0.761968376E+01  0.530537928E+00  0.980413037E+04  0.567166422E-03 -0.394434187E-04  0.879055743E-04  
19 E  0.104340036E+05  0.550576574E-01  0.344747622E+00 -0.465322046E+01  0.104619378E+05 -0.400077745E-03 -0.361858198E-03 -0.970999385E-04  
20 E  0.106202312E+05 -0.284906942E+01  0.361194576E+01 -0.212043168E+00  0.110804541E+05  0.204349496E-04  0.360297895E-04  0.607696565E-04  
21 E  0.117160001E+05  0.277071975E+01  0.308577300E+01  0.198218570E+01  0.117611572E+05  0.150109035E-03 -0.188854474E-03 -0.758858378E-04  
22 M  0.119417858E+05  0.221094828E+01  0.809884685E+00  0.109551411E+01  0.120867371E+05 -0.812258673E-04 -0.198985639E-04  0.120747104E-03  
23 E  0.127470707E+05 -0.397373515E+00 -0.126575872E+00 -0.487838867E+01  0.127744056E+05 -0.260808093E-03  0.163846045E-03  0.565315373E-04  
24 E  0.129293033E+05 -0.370128062E+01  0.145079313E+01  0.313205988E+01  0.134223947E+05  0.604827694E-03 -0.185261218E-03  0.302034425E-03  
25 E  0.140250618E+05 -0.403172924E+01  0.307040631E+01  0.759196047E-01  0.140505043E+05 -0.480366583E-03  0.106829471E-02 -0.108072325E-03  
26 M  0.141946782E+05 -0.556079202E+01 -0.236848223E+01  0.714992638E+00  0.144927821E+05  0.162325681E-03 -0.394731613E-03 -0.702088915E-04  
27 E  0.150980234E+05  0.189721446E+00 -0.120700202E-01 -0.350215336E+01  0.151252430E+05 -0.389868524E-03  0.723086261E-03 -0.757232891E-04  
28 E  0.152794871E+05  0.337372605E+01 -0.409512558E+00 -0.556613306E-02  0.158372541E+05  0.840875400E-03  0.191289139E-04 -0.917325114E-05  
29 E  0.163731479E+05 
================ PARENT CYCLER 3.768Gh-fff3   ======================= 
Parent cycler number                                               62 
Approximate search space (synodic periods after J2000)             20 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 44.81 years (km/s)                        0.037802 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       144.8       ******       10.669        5.789        5.789        
 7       140.2        3.730        3.730        5.728        5.728        
13       239.5        4.286        4.286        3.195        3.195        
19       128.9        4.484        4.484        8.154        8.154        
25       227.2        4.571        4.571        2.603        2.603        
31       168.7        5.070        5.070        6.161        6.161        
37       162.9        4.060        4.063        4.712        4.712        
AVERAGE  173.2        4.367        5.268        5.191        5.191        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            16082.755644 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.283206092E+02 -0.824958794E+01  0.676434518E+01  0.904481095E-01  0.500461126E+02 -0.244775319E-04  0.518583379E-04  0.412821783E-05  
 2 M  0.173157298E+03 -0.543642826E+01 -0.196953336E+01  0.279801337E+00  0.604547243E+03  0.546883355E-07 -0.210438991E-07  0.130643159E-07  
 3 E  0.103593719E+04  0.179928724E+00 -0.145415725E+00 -0.382196486E+01  0.106287373E+04  0.194750616E-05  0.723310698E-05 -0.384720357E-06  
 4 E  0.121551413E+04  0.217894437E+01  0.300570954E+01 -0.540387180E+00  0.147481969E+04 -0.208557056E-04  0.337208810E-04 -0.332316664E-03  
 5 E  0.158073323E+04 -0.839017794E+00 -0.624423991E+00 -0.359761151E+01  0.171952830E+04  0.129656333E-02 -0.221153967E-03  0.580949343E-04  
 6 E  0.194598343E+04 -0.210160337E+01 -0.218695745E+01 -0.220138409E+01  0.204825634E+04 -0.129601863E-04  0.113136200E-05  0.885116958E-04  
 7 E  0.231124383E+04  0.328022792E+01 -0.143909320E+01 -0.104125391E+01  0.233227928E+04  0.324598054E-05 -0.843942572E-05  0.419236911E-06  
 8 M  0.245148016E+04  0.464056613E+01 -0.335683102E+01  0.744793056E-01  0.288354831E+04 -0.523478105E-08  0.135137403E-08  0.799782052E-09  
 9 E  0.339075874E+04 -0.187483209E+00  0.240135762E+00 -0.424143925E+01  0.341869121E+04 -0.150537656E-05  0.345002043E-05  0.532821828E-06  
10 E  0.357697522E+04 -0.326869150E+01 -0.277730322E+01  0.388850402E+00  0.382897923E+04  0.184539441E-05 -0.714073349E-05  0.538631054E-04  
11 E  0.394219842E+04 -0.431137820E-01 -0.432355635E+00 -0.428446431E+01  0.418692069E+04 -0.537426529E-03 -0.144608769E-03  0.144099456E-03  
12 E  0.430745554E+04  0.348259337E+01  0.218815117E+01 -0.127412030E+01  0.440607668E+04  0.412696015E-05 -0.312161773E-05 -0.127795764E-04  
13 E  0.467271900E+04 -0.633670900E-01  0.397398625E+01  0.160368963E+01  0.470864455E+04 -0.265120418E-07  0.489157805E-05  0.128497602E-06  
14 M  0.491222261E+04 -0.209363277E+01  0.182585651E+01  0.157751699E+01  0.533276329E+04 -0.352993864E-09 -0.277733544E-09 -0.181320262E-10  
15 E  0.572095468E+04 -0.563761438E-01 -0.328073400E+00 -0.438212936E+01  0.574781937E+04 -0.204002045E-06 -0.172984959E-06  0.313718531E-07  
16 E  0.590005263E+04  0.438059022E+01 -0.607376326E+00 -0.541048673E+00  0.615208159E+04 -0.477699054E-05 -0.653666851E-05  0.212008811E-04  
17 E  0.626531199E+04 -0.162392548E+00  0.365050808E+00 -0.445509911E+01  0.642237140E+04 -0.234331293E-03  0.339592213E-03  0.869604065E-05  
18 E  0.663056643E+04 -0.423595953E+01  0.127158521E+01 -0.668038581E+00  0.674013630E+04 -0.188461803E-05 -0.661633629E-05  0.302720011E-03  
19 E  0.699579934E+04 -0.367649166E+01 -0.247993145E+01 -0.666381812E+00  0.701513750E+04 -0.418719226E-07  0.184342113E-06  0.141486111E-07  
20 M  0.712472043E+04 -0.293005605E+01 -0.759006085E+01  0.538741770E+00  0.775421263E+04 -0.225983663E-08 -0.111675408E-08  0.128289154E-09  
21 E  0.809316997E+04  0.567717737E-01  0.336556974E+00 -0.460536413E+01  0.812110047E+04 -0.328815381E-05 -0.334530353E-06 -0.138022186E-06  
22 E  0.827937329E+04 -0.121971926E+01 -0.168339294E+00  0.438859010E+01  0.850217913E+04  0.449919890E-03  0.104242153E-04 -0.957234561E-05  
23 E  0.864462877E+04 -0.453787285E+01  0.346483781E+00 -0.186825663E+00  0.869942133E+04  0.361839090E-06 -0.248977726E-05  0.936101441E-06  
24 E  0.900991250E+04  0.268984896E+00 -0.384939018E+00  0.454411714E+01  0.921810970E+04  0.966254811E-03 -0.203571829E-03 -0.932390245E-04  
25 E  0.937517075E+04  0.270330793E+01  0.306783938E+01  0.204406067E+01  0.941833287E+04 -0.252679008E-05  0.437340823E-06 -0.136997074E-06  
26 M  0.960233980E+04  0.222659481E+01  0.798681495E+00  0.108531866E+01  0.999667775E+04 -0.684433241E-08  0.486958853E-08 -0.186195643E-08  
27 E  0.104071111E+05 -0.396551080E+00 -0.125543925E+00 -0.487221931E+01  0.104344467E+05 -0.180903106E-05 -0.156517570E-05  0.374743440E-06  
28 E  0.105893482E+05  0.203627947E+01 -0.462436005E+01  0.107063268E+00  0.108267728E+05  0.175177971E-05 -0.356878890E-06  0.323639367E-05  
29 E  0.109546168E+05  0.438384864E+00 -0.144361757E-01 -0.502762112E+01  0.112066462E+05 -0.191632195E-05  0.315368715E-04 -0.364834584E-05  
30 E  0.113198768E+05 -0.122278985E+01  0.489501113E+01 -0.184364139E+00  0.114331067E+05  0.551841520E-05  0.450915531E-05 -0.114993891E-03  
31 E  0.116851346E+05 -0.404843884E+01  0.305027880E+01  0.855077551E-01  0.117104367E+05 -0.399336387E-05  0.168203646E-05  0.203316619E-06  
32 M  0.118538155E+05 -0.569222538E+01 -0.233268767E+01  0.330912485E+00  0.120451137E+05  0.128544985E-03 -0.113631926E-03  0.714262309E-02  
33 E  0.127233528E+05  0.222571428E+00 -0.168483422E+00 -0.410515161E+01  0.127502838E+05  0.756345584E-05 -0.859386389E-05  0.155509843E-05  
34 E  0.129028928E+05  0.239406548E+01  0.324275669E+01  0.733894759E-01  0.131038467E+05 -0.244158452E-02 -0.324643534E-03  0.441457196E-04  
35 E  0.132682635E+05 -0.352474695E+00  0.143439261E-01 -0.404825194E+01  0.134034072E+05  0.433679199E-03 -0.707566311E-04  0.251679114E-04  
36 E  0.136335167E+05 -0.192138339E+01 -0.182876569E+01 -0.308195766E+01  0.138818931E+05  0.798722610E-03 -0.621808238E-04  0.354946855E-03  
37 E  0.139987761E+05  0.391929817E+01 -0.316330712E+00 -0.102155340E+01  0.140232064E+05 -0.242124390E-05 -0.449342467E-05 -0.272555590E-06  
 211
38 M  0.141616448E+05  0.438604888E+01 -0.165937303E+01 -0.459490637E+00  0.146191409E+05  0.203512541E-07 -0.130357573E-07  0.622468463E-08  
39 E  0.151147616E+05 -0.198158653E+00  0.584076909E-01 -0.348638762E+01  0.151424735E+05 -0.184618964E-04  0.125798022E-04  0.258266171E-05  
40 E  0.152995076E+05 -0.999622277E+00 -0.343894095E+01 -0.239244707E+00  0.155551693E+05  0.235052162E-04 -0.229454166E-04 -0.121482294E-03  
41 E  0.156647386E+05  0.718210383E+00  0.136024071E+01 -0.324752148E+01  0.158144924E+05 -0.128042346E-02 -0.421396814E-03 -0.584630807E-05  
42 E  0.160299917E+05  0.138602174E+01  0.328898869E+01 -0.479103718E+00  0.160847787E+05  0.254040477E-04 -0.798308378E-05  0.346938151E-05  
43 E  0.163952383E+05 
================ PARENT CYCLER 3.768Gfh-ff3   ======================= 
Parent cycler number                                               64 
Approximate search space (synodic periods after J2000)             17 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 44.93 years (km/s)                        0.007746 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       285.3       ******        5.459        2.547        2.547        
 7       175.6        5.274        5.274        5.655        5.655        
13       141.9        3.775        3.775        5.737        5.737        
19       239.3        4.292        4.292        3.195        3.195        
25       128.8        4.484        4.484        8.174        8.174        
31       226.6        4.584        4.584        2.598        2.598        
37       170.3        5.057        5.057        6.045        6.045        
AVERAGE  195.4        4.578        4.703        4.850        4.850        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13742.863583 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.392759792E+02  0.195735001E+01  0.442682612E+01 -0.252392845E+01  0.352531936E+01  0.333951548E-04  0.204725684E-04 -0.208609726E-05  
 2 M  0.246066011E+03  0.222344574E+01  0.698000684E+00  0.102724298E+01  0.673014049E+03  0.157641199E-06 -0.689178151E-07 -0.424822731E-07  
 3 E  0.105162835E+04 -0.148463873E+01  0.480329429E+01 -0.848721118E+00  0.129270061E+04  0.658072555E-04 -0.147443057E-04  0.149682786E-03  
 4 E  0.141688935E+04 -0.433932385E+00 -0.103292845E+00 -0.506051038E+01  0.144429268E+04  0.691556049E-05 -0.290283958E-05 -0.107545368E-05  
 5 E  0.159957826E+04  0.148780638E+01 -0.480838484E+01  0.149856657E+01  0.185161182E+04  0.167072421E-04 -0.826530550E-05 -0.207008530E-03  
 6 E  0.196484430E+04  0.348126201E+00  0.564276760E+00  0.522742982E+01  0.212190487E+04  0.105454774E-03  0.186119735E-03 -0.494811046E-04  
 7 E  0.233010144E+04 -0.362928712E+01  0.382165008E+01  0.188921995E+00  0.235644804E+04 -0.552065971E-05  0.492901229E-05  0.202223984E-06  
 8 M  0.250574543E+04 -0.542992075E+01 -0.157885796E+01  0.803307827E-01  0.322602291E+04 -0.569040037E-08  0.416924214E-08  0.178281361E-07  
 9 E  0.337354962E+04 -0.223084817E+01 -0.299859768E+01 -0.846238283E+00  0.361096581E+04  0.327357393E-05 -0.133040685E-04  0.237094797E-04  
10 E  0.373880530E+04  0.182083208E+00 -0.173179808E+00 -0.383867726E+01  0.376572810E+04  0.434195147E-05 -0.412254072E-05  0.770530479E-06  
11 E  0.391829066E+04 -0.374272202E+00 -0.409739707E-01  0.375294877E+01  0.405708849E+04  0.869492458E-03 -0.132431563E-03 -0.685446328E-04  
12 E  0.428354810E+04  0.143480056E-01  0.378818121E+00  0.375320427E+01  0.441504012E+04  0.649218857E-03 -0.119628579E-03 -0.381711051E-04  
13 E  0.464880370E+04  0.333092604E+01 -0.142132711E+01 -0.106484713E+01  0.467009224E+04 -0.228958468E-05  0.834571962E-05 -0.661906860E-06  
14 M  0.479072728E+04  0.462904898E+01 -0.338797822E+01  0.683216939E-01  0.520437444E+04  0.351687030E-08 -0.282959556E-08 -0.114913021E-08  
15 E  0.573083446E+04  0.323800480E+01  0.261753992E+01 -0.707470104E+00  0.598652662E+04  0.513417703E-05 -0.179508155E-04  0.132695109E-03  
16 E  0.609610897E+04 -0.166337389E+00  0.244515769E+00 -0.423298193E+01  0.612404051E+04  0.283319296E-06  0.306829092E-05  0.335615203E-06  
17 E  0.628231922E+04  0.361064924E+01  0.227934295E+01  0.505027822E+00  0.638823714E+04  0.880223110E-05 -0.364840638E-05 -0.194822819E-03  
18 E  0.664755343E+04  0.360631525E+01  0.229779253E+01  0.554915705E+00  0.675348008E+04 -0.129039583E-05 -0.485439824E-07  0.853638396E-04  
19 E  0.701281775E+04 -0.566012541E-01  0.398617588E+01  0.159060039E+01  0.704870602E+04  0.853266778E-07 -0.324792706E-05 -0.867711584E-07  
20 M  0.725207288E+04 -0.209698262E+01  0.182647850E+01  0.157398044E+01  0.767258274E+04 -0.616443837E-09 -0.388336569E-09 -0.139611931E-09  
21 E  0.806074568E+04 -0.437119381E+01  0.474844151E+00  0.150998147E+00  0.812649749E+04 -0.236321874E-06  0.109681854E-05 -0.194849678E-05  
22 E  0.842603351E+04 -0.648238311E-01 -0.309657846E+00 -0.439985351E+01  0.845289902E+04 -0.207751724E-05 -0.661963363E-06  0.159340999E-06  
23 E  0.860513694E+04  0.232457930E+01 -0.175237918E+00  0.381729499E+01  0.879141755E+04 -0.393592027E-03  0.145376778E-03  0.172920523E-04  
24 E  0.897039303E+04 -0.382753187E+01  0.118821562E+01  0.198904830E+01  0.907996228E+04 -0.181841548E-04 -0.754748093E-05 -0.629265579E-03  
25 E  0.933562384E+04 -0.367075985E+01 -0.248734863E+01 -0.665028491E+00  0.935494566E+04  0.163007890E-06 -0.812449942E-06 -0.625923617E-07  
26 M  0.946443595E+04 -0.294897920E+01 -0.760502540E+01  0.534810290E+00  0.101040404E+05 -0.273280985E-09 -0.193105160E-09 -0.100913170E-11  
27 E  0.104335336E+05 -0.443534675E+01  0.115106784E+01 -0.866617280E+00  0.104883229E+05 -0.747988108E-08 -0.404887788E-07 -0.119837765E-08  
28 E  0.107987956E+05  0.694208202E-01  0.364242709E+00 -0.464148818E+01  0.108416257E+05  0.857920389E-07 -0.123685999E-06 -0.169672761E-07  
29 E  0.109850134E+05  0.447952295E+01 -0.102606708E+01  0.169944433E+00  0.110397979E+05 -0.385045445E-07 -0.238561295E-06 -0.138132203E-08  
30 E  0.113502437E+05  0.445717233E+01 -0.100682885E+01  0.329406266E+00  0.114050349E+05  0.262529766E-07  0.164030910E-06  0.186643412E-08  
31 E  0.117155183E+05  0.273579894E+01  0.307555301E+01  0.201664595E+01  0.117495129E+05 -0.186013716E-06  0.192485869E-07 -0.983936997E-08  
32 M  0.119421485E+05  0.221867664E+01  0.806839543E+00  0.108435862E+01  0.123364990E+05 -0.202636248E-08  0.121142677E-08 -0.133061953E-09  
33 E  0.127469454E+05 -0.197745926E+01  0.447629263E+01 -0.192372195E+00  0.128017357E+05 -0.587606643E-06 -0.432596839E-06  0.467675897E-08  
34 E  0.131122139E+05 -0.382390305E+00 -0.145012803E+00 -0.485873811E+01  0.131395505E+05  0.972084459E-06 -0.938180835E-07 -0.149689119E-06  
35 E  0.132944579E+05  0.136978553E+01 -0.275204873E+01  0.399461471E+01  0.135391777E+05  0.235768137E-04 -0.573374118E-04 -0.676055055E-05  
36 E  0.136597113E+05  0.105479712E-01  0.128257032E+01  0.488652037E+01  0.139226945E+05 -0.109651573E-03  0.202414243E-03  0.307609463E-04  
37 E  0.140249657E+05 -0.401442851E+01  0.307450862E+01  0.703675914E-01  0.140505041E+05 -0.793710716E-06  0.343153669E-06  0.396505717E-07  
38 M  0.141952214E+05 -0.551532755E+01 -0.236893915E+01  0.711111603E+00  0.147167667E+05 -0.316644910E-08  0.652991858E-08  0.170998957E-10  
39 E  0.150944374E+05 -0.176916126E+00 -0.272646834E+01 -0.201546988E+01  0.153574225E+05  0.805646055E-05  0.109369617E-05 -0.170338876E-03  
40 E  0.154596945E+05  0.187694226E+00 -0.379605637E-01 -0.340840552E+01  0.154868789E+05  0.100421557E-04 -0.539343488E-05  0.121169208E-05  
41 E  0.156409239E+05  0.211660518E+00  0.280353916E+01  0.174631262E+01  0.158966218E+05  0.254219158E-03 -0.153389587E-03 -0.736183775E-03  
42 E  0.160062066E+05 -0.323942256E+00 -0.938090041E+00  0.313750689E+01  0.161742262E+05  0.714574995E-03  0.673924328E-03  0.140299676E-04  
43 E  0.163714665E+05 
================ PARENT CYCLER 3.768Gfh+ff3   ======================= 
Parent cycler number                                               65 
Approximate search space (synodic periods after J2000)             17 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 44.91 years (km/s)                        0.008819 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       280.4       ******        5.619        2.562        2.562        
 7       174.9        5.360        5.360        5.652        5.652        
13       141.7        3.768        3.768        5.735        5.735        
19       239.2        4.293        4.293        3.195        3.195        
25       128.8        4.484        4.484        8.172        8.172        
31       226.7        4.581        4.582        2.599        2.599        
37       170.9        5.057        5.057        5.995        5.995        
AVERAGE  194.7        4.591        4.737        4.844        4.844        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13742.863583 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.431215636E+02  0.213621323E+01  0.454823049E+01 -0.251530349E+01 -0.106308548E+01  0.380487335E-04 -0.289983326E-05 -0.248122972E-05  
 2 M  0.237268290E+03  0.208242694E+01  0.825703577E+00  0.124395767E+01  0.653034855E+03  0.376433349E-06 -0.659865200E-07 -0.382909244E-06  
 3 E  0.105249685E+04 -0.153849925E+01  0.463148746E+01  0.175294351E+01  0.130087683E+04  0.109288744E-03 -0.116788958E-04 -0.297189274E-03  
 4 E  0.141776152E+04 -0.445215222E+00 -0.112485419E+00  0.514682145E+01  0.144515689E+04  0.181999395E-04 -0.550608917E-05  0.294583291E-05  
 5 E  0.160039731E+04  0.199668846E+00  0.118441475E+01 -0.520445776E+01  0.176111155E+04 -0.118997833E-03 -0.206053189E-03 -0.568036023E-04  
 6 E  0.196565695E+04 -0.702448078E+00  0.518350871E+01 -0.107868206E+01  0.203870839E+04  0.193202530E-04  0.614159388E-05 -0.199688770E-04  
 7 E  0.233091416E+04 -0.368219306E+01  0.389002466E+01  0.186648867E+00  0.235715099E+04 -0.166150278E-04  0.119507497E-04  0.428029162E-06  
 8 M  0.250582640E+04 -0.542528978E+01 -0.158211450E+01  0.105299070E+00  0.289644703E+04 -0.680889381E-09 -0.260781413E-09  0.369127984E-11  
 9 E  0.337387226E+04 -0.205082218E+01 -0.281046800E+01  0.155068247E+01  0.363320263E+04  0.495791686E-05 -0.154312302E-05  0.160312221E-03  
10 E  0.373912630E+04  0.181594851E+00 -0.169777380E+00  0.381404371E+01  0.376605109E+04  0.328391555E-06 -0.253165233E-06 -0.529167287E-07  
11 E  0.391862492E+04 -0.261185196E+01 -0.258116055E+01 -0.752818592E+00  0.397341048E+04 -0.164817577E-06  0.140562800E-06  0.555735795E-08  
12 E  0.428386196E+04  0.343270052E+00  0.750396374E+00 -0.367393613E+01  0.441900807E+04  0.528872252E-03 -0.468271746E-04  0.444769085E-04  
13 E  0.464912172E+04  0.332376452E+01 -0.142313870E+01 -0.106149326E+01  0.467037754E+04 -0.117313575E-07  0.657355164E-06 -0.175454536E-07  
 212
14 M  0.479082720E+04  0.463011020E+01 -0.338270914E+01  0.683981826E-01  0.520443581E+04  0.619558809E-09 -0.453932868E-09 -0.106123185E-09  
15 E  0.573084677E+04  0.316748433E+01  0.256998707E+01  0.110306540E+01  0.599019191E+04  0.919262923E-05 -0.106183059E-04 -0.394246233E-03  
16 E  0.609612161E+04 -0.166470222E+00  0.245774587E+00  0.423408604E+01  0.612405364E+04  0.133687062E-06  0.159625075E-05 -0.176222057E-06  
17 E  0.628233512E+04  0.351248936E+01  0.220756487E+01 -0.113195432E+01  0.638825285E+04 -0.950222883E-06  0.770995971E-05  0.353070578E-03  
18 E  0.664756867E+04  0.351932637E+01  0.223436873E+01 -0.110527510E+01  0.675349537E+04 -0.114763160E-06 -0.242687377E-06 -0.158713254E-04  
19 E  0.701283317E+04 -0.560537557E-01  0.398707315E+01  0.158969227E+01  0.704871945E+04  0.492899886E-07 -0.176857919E-05 -0.473695898E-07  
20 M  0.725207506E+04 -0.209653394E+01  0.182644627E+01  0.157441901E+01  0.767258938E+04 -0.215452278E-09 -0.139631462E-09 -0.167580653E-10  
21 E  0.806075645E+04 -0.437066708E+01  0.474027791E+00  0.153467152E+00  0.811554963E+04 -0.482511023E-07  0.439645305E-06  0.217345573E-08  
22 E  0.842604426E+04 -0.646325712E-01 -0.308061565E+00  0.439948921E+01  0.845290961E+04 -0.831168358E-06 -0.259850417E-06 -0.629389053E-07  
23 E  0.860514657E+04 -0.304697632E+00  0.396072102E+00 -0.444428116E+01  0.876951108E+04 -0.252761702E-03  0.317044054E-03 -0.373906103E-05  
24 E  0.897040103E+04 -0.427527195E+01  0.128462755E+01  0.271357228E+00  0.902518602E+04  0.182482309E-07  0.841252309E-07 -0.842909758E-08  
25 E  0.933563427E+04 -0.367164183E+01 -0.248641278E+01 -0.665201178E+00  0.935495797E+04  0.113127092E-06 -0.549985861E-06 -0.422810395E-07  
26 M  0.946445891E+04 -0.294652039E+01 -0.760310224E+01  0.535308459E+00  0.100846284E+05 -0.838257008E-08 -0.429549443E-08  0.557788593E-09  
27 E  0.104334737E+05 -0.119844588E+01  0.571180705E+00  0.446443473E+01  0.105978357E+05 -0.374214410E-03  0.520047896E-03 -0.239540268E-04  
28 E  0.107987227E+05  0.701101026E-01  0.365424435E+00  0.464322981E+01  0.108378282E+05  0.364198287E-05 -0.580807355E-05  0.806559935E-06  
29 E  0.109849392E+05  0.447601555E+01 -0.103129106E+01  0.173536795E+00  0.110397237E+05 -0.170297778E-05 -0.105282452E-04 -0.613351813E-07  
30 E  0.113501692E+05  0.445373129E+01 -0.101176271E+01  0.334761203E+00  0.114049604E+05  0.114630895E-05  0.712857528E-05  0.814802259E-07  
31 E  0.117154439E+05  0.273050317E+01  0.307432806E+01  0.202068358E+01  0.117494493E+05 -0.822615479E-05  0.105767812E-05 -0.369966204E-06  
32 M  0.119421466E+05  0.221990883E+01  0.805306230E+00  0.108514519E+01  0.120709174E+05  0.355189341E-06  0.338444759E-08  0.660169940E-06  
33 E  0.127469639E+05 -0.197824717E+01  0.447469443E+01 -0.181334173E+00  0.128017542E+05 -0.477953296E-04 -0.352753240E-04  0.463318683E-05  
34 E  0.131122325E+05 -0.381993634E+00 -0.143460349E+00  0.485912088E+01  0.131395689E+05  0.763059502E-04 -0.757073412E-05  0.114503547E-04  
35 E  0.132944751E+05 -0.220028555E-01  0.133205518E+01 -0.485888572E+01  0.133492641E+05 -0.378726610E-04 -0.123934047E-04 -0.674331169E-05  
36 E  0.136597352E+05 -0.116805064E+01  0.473706910E+01  0.125200477E+01  0.137145239E+05  0.663715556E-04  0.219805918E-04 -0.183578637E-04  
37 E  0.140249933E+05 -0.400374071E+01  0.308865122E+01  0.636275600E-01  0.140506272E+05 -0.759464399E-04  0.324830071E-04  0.375479733E-05  
38 M  0.141958860E+05 -0.546599844E+01 -0.236434370E+01  0.684530742E+00  0.147280731E+05 -0.506034628E-06 -0.151680103E-06 -0.168345718E-06  
39 E  0.150828645E+05 -0.897966949E+00 -0.317168902E+01 -0.134589358E+00  0.151376568E+05  0.626810010E-04 -0.447363411E-05  0.235121511E-06  
40 E  0.154481463E+05  0.167308665E+00 -0.466092071E-01  0.328034221E+01  0.154752246E+05 -0.149510984E-03  0.434067388E-04  0.168884049E-04  
41 E  0.156286683E+05 -0.114271505E+01 -0.264516779E+01  0.137658645E+01  0.157199821E+05  0.653832254E-04 -0.523407957E-05 -0.102785792E-03  
42 E  0.159939235E+05 -0.125759592E+01 -0.290886604E+01 -0.287753037E+00  0.160487099E+05 -0.177099147E-03  0.592707846E-04  0.118776318E-05  
43 E  0.163591664E+05 
================ PARENT CYCLER 3.784Gg3       ======================= 
Parent cycler number                                               74 
Approximate search space (synodic periods after J2000)              1 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 44.71 years (km/s)                        0.074448 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       140.9       ******        8.288        3.978        3.978        
 4       210.0        5.740        5.740        3.635        3.635        
 7       122.0        4.596        4.596        8.338        8.338        
10       226.5        4.947        4.947        2.553        2.553        
13       163.3        5.078        5.078        6.408        6.408        
16       146.2        3.608        3.608        4.242        4.242        
19       220.8        4.784        4.785        3.642        3.642        
AVERAGE  175.7        4.792        5.292        4.685        4.685        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             1263.763258 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.595220741E+02  0.723888443E+01 -0.403514150E+01  0.600537830E-01  0.806538699E+02  0.100657194E-06  0.182907129E-07 -0.370132625E-08  
 2 M  0.200400713E+03  0.359373791E+01  0.386901167E+00 -0.166008621E+01  0.632037723E+03 -0.577493451E-10 -0.136579317E-09  0.187958593E-11  
 3 E  0.106367473E+04  0.311715368E+01  0.481813053E+01  0.190282228E-02  0.135962313E+04 -0.170504412E-08 -0.155470932E-07 -0.140990536E-09  
 4 E  0.235040691E+04 -0.129513504E+00  0.567554096E+01  0.850704466E+00  0.238190262E+04  0.213837518E-07 -0.325812420E-07  0.255970587E-09  
 5 M  0.256037830E+04 -0.276623683E+01  0.166853129E+01  0.166688099E+01  0.316431115E+04 -0.405244059E-11  0.903408216E-11 -0.875951732E-11  
 6 E  0.337650377E+04 -0.456916584E+01  0.466685232E+00 -0.146537869E-02  0.364577559E+04  0.161882684E-08 -0.316209409E-13 -0.258591457E-10  
 7 E  0.465875053E+04 -0.322727161E+01 -0.318629468E+01 -0.747954155E+00  0.467705352E+04 -0.196251050E-08  0.123352919E-08 -0.104658701E-09  
 8 M  0.478077046E+04 -0.207785926E+01 -0.806512224E+01  0.405587510E+00  0.510350332E+04 -0.295327188E-10  0.110578224E-10  0.506319983E-11  
 9 E  0.575874883E+04 -0.135121965E-01  0.404720720E+00 -0.495735013E+01  0.606648366E+04  0.178749070E-07  0.145194234E-07  0.224397615E-08  
10 E  0.704097730E+04  0.292580171E+01  0.356233368E+01  0.179607693E+01  0.707495594E+04  0.300727069E-07  0.216186909E-07  0.440396418E-09  
11 M  0.726750159E+04  0.211078970E+01  0.112829167E+01  0.887711489E+00  0.766386596E+04  0.856266973E-09 -0.720874784E-12 -0.587934148E-09  
12 E  0.806023032E+04 -0.185805442E+01  0.472668314E+01  0.218124233E-02  0.839410739E+04  0.777673997E-07 -0.161520196E-07 -0.202675089E-08  
13 E  0.934437287E+04 -0.438826837E+01  0.255441600E+01 -0.312941994E-02  0.936886281E+04  0.866975337E-07 -0.153495583E-06 -0.821684853E-09  
14 M  0.950763912E+04 -0.560794854E+01 -0.300485976E+01  0.763344217E+00  0.102454385E+05 -0.943196005E-06 -0.134309516E-05 -0.330874476E-06  
15 E  0.104185025E+05  0.268608974E+00 -0.345639813E+01  0.105485104E+01  0.111085077E+05  0.289721059E-05 -0.173669288E-05  0.239545044E-05  
16 E  0.116962898E+05  0.358990468E+01  0.613823592E-03 -0.356670175E+00  0.117182269E+05 -0.517513358E-04  0.305241360E-04 -0.214549883E-06  
17 M  0.118425368E+05  0.421604436E+01 -0.307156903E+00 -0.350584025E+00  0.122979507E+05 -0.217430841E-06 -0.364153432E-06 -0.738436967E-07  
18 E  0.127533646E+05  0.256942697E+01  0.404041005E+01  0.940190646E-02  0.129714762E+05 -0.388447527E-06 -0.904055995E-07 -0.590413060E-08  
19 E  0.140363740E+05 -0.702865988E+00  0.466090181E+01  0.820619454E+00  0.140694936E+05  0.198616065E-05  0.284131600E-05  0.207281209E-07  
20 M  0.142571712E+05 -0.346398852E+01  0.103039740E+01 -0.453238938E+00  0.146918482E+05 -0.709474745E-07  0.288326072E-06 -0.779994348E-06  
21 E  0.151094790E+05 -0.309943986E+01 -0.237503837E+01 -0.192925111E-02  0.154037796E+05 -0.676326492E-04 -0.887719784E-04 -0.198567826E-06  
22 E  0.163890467E+05 
================ PARENT CYCLER 5.125gGgf3     ======================= 
Parent cycler number                                               89 
Approximate search space (synodic periods after J2000)             11 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 44.85 years (km/s)                        0.210006 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       106.4       11.701       11.701        9.683        9.683        
 7        91.5        5.592        5.592       10.981       10.981        
12       153.8        5.251        5.251        7.553        7.553        
17       115.8        5.621        5.621       11.605       11.605        
22       122.2        5.198        5.195        6.958        6.958        
27       138.5        5.525        5.525        9.856        9.856        
32        94.5        5.402        5.402       10.810       10.810        
AVERAGE  117.5        6.327        6.327        9.635        9.635        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             9307.533494 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.865407746E+01 -0.319344687E+01  0.112355763E+02 -0.978238049E-03  0.249937998E+03 -0.287814218E-09 -0.188246265E-07  0.802473483E-10  
 2 E  0.569779474E+03 -0.659075706E+01  0.963317158E+01  0.826983469E+00  0.585732228E+03 -0.143157498E-06 -0.101348594E-06 -0.152629259E-07  
 3 M  0.676131170E+03 -0.962965974E+01  0.832907604E+00  0.583221128E+00  0.764065613E+03  0.310951653E-10 -0.154280431E-09  0.129785362E-11  
 4 E  0.126236079E+04 -0.420043090E+01  0.364000440E+01 -0.212428877E-03  0.136698807E+04  0.144077682E-06  0.162486499E-08  0.237435380E-08  
 5 E  0.195987598E+04 -0.353919300E+01 -0.425045097E+01  0.823007648E+00  0.220825124E+04  0.117606277E-05  0.113053720E-05  0.118549030E-03  
 6 E  0.232513372E+04 -0.416690955E+01 -0.375577077E+01  0.117009236E-02  0.258248346E+04  0.164156878E-07  0.860874454E-08  0.103285816E-09  
 7 E  0.286127900E+04  0.757376611E+00 -0.544530625E+01 -0.102519965E+01  0.287500077E+04  0.733888227E-08  0.301276058E-09  0.265227772E-09  
 8 M  0.295275743E+04  0.318408958E+01 -0.105093468E+02 -0.909320078E-02  0.304741177E+04  0.123458074E-09 -0.107056519E-10  0.378051083E-11  
 9 E  0.358378635E+04  0.353568787E+01 -0.388996862E+01 -0.315586692E+00  0.416809026E+04 -0.148084331E-05  0.687022958E-05 -0.442617867E-03  
10 E  0.431416623E+04  0.423053317E+01  0.269679415E+01  0.155412701E+01  0.456986408E+04  0.179441678E-04 -0.767520351E-05 -0.722774031E-03  
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11 E  0.467944888E+04  0.481259813E+01  0.210774931E+01 -0.679316333E-03  0.490938979E+04 -0.157567193E-06  0.287975538E-07  0.906027379E-08  
12 E  0.521419518E+04 -0.933719563E+00  0.500658141E+01  0.127944210E+01  0.523726263E+04 -0.386390399E-06 -0.418726388E-06  0.746677141E-08  
13 M  0.536797813E+04 -0.403398010E+01  0.636620865E+01 -0.495835882E+00  0.545242590E+04 -0.935652482E-09  0.762716936E-09 -0.170587536E-08  
14 E  0.593096323E+04  0.262712531E+01  0.490302912E+01 -0.106404111E-02  0.603585191E+04 -0.614937972E-06  0.217933155E-05  0.589788528E-07  
15 E  0.663022106E+04 -0.502237682E+01  0.250133261E+01 -0.240376832E+00  0.687859053E+04  0.237005240E-05  0.135331718E-05 -0.963061070E-04  
16 E  0.699547028E+04 -0.462734297E+01  0.319516239E+01 -0.177040908E-02  0.724213442E+04  0.322986146E-05 -0.442347401E-05 -0.468957687E-07  
17 E  0.753169669E+04 -0.533536833E+01 -0.176985961E+01 -0.123750698E-01  0.754905966E+04  0.530680989E-05 -0.194269103E-05  0.157308261E-06  
18 M  0.764744984E+04 -0.838198582E+01 -0.799000270E+01  0.758386081E+00  0.802207160E+04 -0.115558491E-06 -0.529937563E-06 -0.795188306E-07  
19 E  0.826158387E+04 -0.143958222E+01 -0.538830847E+01  0.456239760E-03  0.856555835E+04 -0.264740443E-01  0.989914282E-01 -0.148540924E-04  
20 E  0.900298504E+04  0.463601909E+01 -0.234274208E+01  0.119232655E+00  0.905777506E+04 -0.808836383E-05 -0.342546759E-04 -0.221153714E-04  
21 E  0.936825181E+04  0.423180453E+01 -0.297816024E+01 -0.621782360E-03  0.962479929E+04  0.312534200E-04 -0.402895086E-04  0.286488073E-06  
22 E  0.990272572E+04  0.368491046E+01  0.365940992E+01  0.149312484E+00  0.992105770E+04 -0.169735603E-05 -0.167578285E-04  0.136342002E-05  
23 M  0.100249389E+05  0.468237335E+01  0.508251071E+01 -0.809287098E+00  0.101141104E+05  0.208697516E-07 -0.670026856E-07 -0.379621605E-08  
24 E  0.106194153E+05  0.548019913E+01  0.642635048E+00 -0.120905533E-02  0.107248546E+05  0.194851193E-05  0.163960106E-05 -0.111540180E-07  
25 E  0.113223440E+05 -0.850031029E+00  0.536930682E+01  0.976932093E+00  0.115707177E+05  0.340782911E-06 -0.397179136E-05  0.237346399E-03  
26 E  0.116875995E+05 -0.607242028E-01  0.554086974E+01 -0.898228398E-03  0.119394680E+05 -0.187818586E-06 -0.776653182E-06  0.818254619E-08  
27 E  0.122234899E+05 -0.444983160E+01  0.317414043E+01  0.809125724E+00  0.122442642E+05 -0.355721734E-06 -0.729546501E-06  0.113167023E-07  
28 M  0.123619855E+05 -0.983524355E+01  0.233181645E+00  0.589293619E+00  0.124503534E+05 -0.494280362E-09 -0.528844323E-09  0.104672806E-10  
29 E  0.129511050E+05 -0.439088738E+01  0.311355849E+01 -0.124787532E-03  0.130566705E+05  0.193835009E-06 -0.311153035E-08 -0.415510285E-08  
30 E  0.136548751E+05 -0.267876193E+01 -0.415384331E+01  0.218011216E+01  0.139069052E+05 -0.772849822E-05  0.299831911E-05 -0.157705965E-03  
31 E  0.140201361E+05 -0.358118305E+01 -0.406746054E+01 -0.268806323E-03  0.142771159E+05  0.395113271E-06  0.255295307E-06  0.655213458E-11  
32 E  0.145555107E+05  0.271079607E+01 -0.454261493E+01 -0.109397603E+01  0.145696904E+05  0.232713343E-06  0.669169710E-07  0.184385981E-07  
33 M  0.146500423E+05  0.505034138E+01 -0.955134700E+01 -0.355769364E+00  0.147469186E+05 -0.645888926E-09 -0.698881490E-09 -0.423483452E-10  
34 E  0.152958843E+05  0.280264444E+01 -0.441760509E+01  0.262501417E+01  0.155734809E+05  0.625553981E-03 -0.631102857E-04 -0.648593762E-04  
35 E  0.160264016E+05  0.918366206E-03  0.913582372E+00  0.579257267E+01  0.161578926E+05  0.195454112E-03 -0.259985935E-04 -0.171018139E-04  
36 E  0.163916542E+05 
================ PARENT CYCLER 5.301gGff3     ======================= 
Parent cycler number                                               94 
Approximate search space (synodic periods after J2000)             21 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 44.78 years (km/s)                        0.247075 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2        74.1        9.551        9.552       11.452       11.455        
 7       141.8        5.461        5.459        7.648        7.648        
12       109.0        7.328        7.328       11.206       11.206        
17       105.8        5.346        5.338        7.814        7.814        
22       135.3        6.185        6.185        9.306        9.306        
27        91.1        5.836        5.836       11.432       11.432        
32       139.4        5.640        5.637        8.260        8.260        
AVERAGE  113.8        6.478        6.476        9.588        9.589        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            17112.294551 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.908115517E+01 -0.755310257E+01 -0.586466462E+01  0.625798158E-04  0.233945839E+03  0.308345327E-04 -0.757267514E-04 -0.163926771E-05  
 2 E  0.543252922E+03 -0.509902947E+01 -0.802091687E+01 -0.946868226E+00  0.554373762E+03  0.309800429E-03 -0.611169268E-03  0.307758482E-04  
 3 M  0.617391858E+03  0.209510967E+00 -0.114511487E+02  0.194071912E+00  0.711496487E+03 -0.136159362E-05 -0.855352752E-07  0.152962485E-07  
 4 E  0.124475605E+04 -0.364379587E+01 -0.422382979E+00 -0.406334274E+01  0.136529183E+04 -0.106194600E-03  0.364027136E-03 -0.267642945E-03  
 5 E  0.161001598E+04  0.196936292E+01 -0.466437394E+01 -0.204795840E+01  0.176342521E+04  0.918633065E-04 -0.142297038E-03 -0.169457712E-03  
 6 E  0.234053614E+04  0.537242012E+01  0.105702528E+01  0.742374526E-03  0.261371202E+04 -0.375878652E-04 -0.360112982E-05 -0.830410966E-06  
 7 E  0.287617513E+04  0.227654667E+00  0.534395500E+01  0.109172508E+01  0.289744269E+04  0.505519532E-04  0.780592986E-04 -0.400587072E-05  
 8 M  0.301795888E+04 -0.153884253E+01  0.738874474E+01 -0.124010937E+01  0.319907357E+04  0.602561723E-07 -0.199591776E-07  0.527750512E-07  
 9 E  0.356679127E+04 -0.612485480E+01  0.370477490E+01 -0.161465346E+01  0.380787010E+04  0.145603252E-05  0.169429430E-04  0.540927956E-03  
10 E  0.393206222E+04 -0.147356993E+01  0.716856890E+01 -0.550609959E+00  0.439957243E+04 -0.664391017E-04 -0.732450760E-05 -0.100997895E-03  
11 E  0.466254693E+04 -0.562943484E+01  0.468694156E+01 -0.501904663E-02  0.492327844E+04  0.261505653E-04 -0.330912987E-04  0.366049333E-07  
12 E  0.520573757E+04 -0.726105589E+01  0.968704739E+00  0.213337895E+00  0.522208662E+04  0.208676568E-04 -0.355269436E-05 -0.663885238E-06  
13 M  0.531473128E+04 -0.950244586E+01 -0.588846319E+01  0.783975896E+00  0.570094216E+04 -0.856741495E-06 -0.109162568E-04 -0.310597843E-06  
14 E  0.591818578E+04 -0.117285104E+01  0.301973675E+01 -0.432521192E+01  0.597662813E+04 -0.105513061E-02 -0.734942570E-03 -0.142376831E-02  
15 E  0.628345045E+04 -0.377522951E+01 -0.333835898E+01 -0.194320168E+01  0.643064920E+04  0.248386263E-01  0.158675366E-01 -0.124637544E+00  
16 E  0.701944420E+04  0.285304875E+01 -0.451179611E+01  0.244881353E-02  0.724420023E+04  0.503383658E-05  0.410559971E-04  0.204099324E-05  
17 E  0.755457761E+04  0.496115786E+01  0.191476684E+01 -0.461676558E+00  0.757045012E+04  0.131458351E-03 -0.717608788E-04  0.911453009E-05  
18 M  0.766039435E+04  0.750470463E+01  0.206881153E+01 -0.681208328E+00  0.775001166E+04  0.624176145E-07 -0.131432437E-06 -0.190993018E-07  
19 E  0.825784312E+04 -0.407705299E+00  0.353101926E+01 -0.506968214E+01  0.849160141E+04 -0.257400832E-03  0.101810803E-02  0.365009484E-04  
20 E  0.862309045E+04  0.518435273E+01  0.296012602E+01 -0.160213784E+01  0.915635190E+04  0.736658819E-04 -0.876175522E-04 -0.296305895E-03  
21 E  0.935358559E+04  0.697333912E+00  0.613153373E+01 -0.331830570E-03  0.964975400E+04  0.338261958E-06 -0.215165399E-05 -0.891124463E-07  
22 E  0.989207362E+04 -0.356970499E+01  0.496378360E+01  0.933762775E+00  0.991236294E+04 -0.103839258E-04  0.999275328E-06  0.663293921E-06  
23 M  0.100273358E+05 -0.904844600E+01  0.217212155E+01 -0.106977333E-02  0.102657490E+05 -0.423669354E-09  0.905959550E-08  0.888111896E-08  
24 E  0.105817852E+05 -0.434890676E+01 -0.374239768E+01 -0.109920066E+01  0.108191938E+05  0.194874377E-04 -0.101759569E-03 -0.211763301E-03  
25 E  0.109470293E+05 -0.526948861E+01  0.227686861E+01  0.105300822E+01  0.115022170E+05  0.927156966E-06 -0.122019698E-04  0.645149923E-04  
26 E  0.116775395E+05 -0.493849670E+01 -0.314111429E+01  0.774043028E-03  0.119299926E+05  0.362149300E-04  0.131865416E-04 -0.198883615E-06  
27 E  0.122146737E+05 -0.579114760E+00 -0.573215719E+01 -0.929265985E+00  0.122283459E+05  0.182265774E-04  0.469561473E-06 -0.396968145E-06  
28 M  0.123058217E+05  0.135449198E+01 -0.113514617E+02  0.626325288E-01  0.124458344E+05  0.670963688E-06 -0.614699667E-06 -0.354644333E-07  
29 E  0.129422433E+05 -0.199746803E+01 -0.293943744E+00 -0.527610937E+01  0.130810404E+05 -0.121528215E-02  0.103792116E-02  0.245487151E-03  
30 E  0.133074988E+05  0.351666513E+01 -0.389969463E+01 -0.208669537E+01  0.138850492E+05 -0.445378607E-02 -0.386897766E-02  0.129341501E-01  
31 E  0.140385752E+05  0.528073309E+01  0.203175003E+01  0.776729627E-03  0.143013941E+05  0.289526360E-03  0.437582298E-04 -0.264633602E-06  
32 E  0.145749404E+05 -0.514347480E+00  0.549462618E+01  0.115031655E+01  0.145958429E+05  0.199666781E-03 -0.109871848E-03  0.188805145E-04  
33 M  0.147142907E+05 -0.261595289E+01  0.760636920E+01 -0.187756214E+01  0.149352074E+05  0.111016668E-04  0.240658973E-05  0.171180354E-04  
34 E  0.152531120E+05 -0.722082856E+01  0.451226537E+01 -0.950084473E+00  0.153078996E+05  0.255585473E-03  0.102122598E-02 -0.700680456E-04  
35 E  0.156183624E+05 -0.276765444E+01  0.805993291E+01 -0.651993496E+00  0.157279373E+05  0.220266153E-03 -0.133116914E-02 -0.188577603E-04  
36 E  0.163488614E+05 
================ PARENT CYCLER 5.301gGff3     ======================= 
Parent cycler number                                               96 
Approximate search space (synodic periods after J2000)              6 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 45.04 years (km/s)                        0.004582 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       113.9        5.165        5.165       11.872       11.872        
 7       130.6        5.647        5.647        7.518        7.518        
12       112.2        7.393        7.393       10.939       10.939        
17       100.9        5.315        5.315        8.269        8.269        
22       139.6        5.856        5.856        9.032        9.032        
27        92.5        6.078        6.078       11.519       11.519        
32       148.5        5.216        5.216        7.080        7.080        
AVERAGE  119.8        5.810        5.810        9.461        9.461        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             5412.834470 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 214
 1 E -0.430216417E+02 -0.508750361E+01  0.101658463E+01 -0.973418317E-03  0.213507151E+03 -0.440732328E-07  0.164848125E-07 -0.281241744E-09  
 2 E  0.491413343E+03 -0.180811424E+01 -0.480532715E+01 -0.562291091E+00  0.508497064E+03  0.106508605E-07  0.185370636E-07 -0.160221169E-08  
 3 M  0.605304815E+03 -0.354041493E+01 -0.113216379E+02  0.469803154E+00  0.699824666E+03 -0.235110996E-10 -0.586206777E-11 -0.157433018E-11  
 4 E  0.123543715E+04 -0.476397632E+01  0.104520122E+01 -0.277925544E+01  0.134865675E+04 -0.173636935E-04 -0.957147477E-04  0.102200895E-02  
 5 E  0.160066167E+04 -0.156886745E+01  0.539917853E+01  0.105225783E-02  0.187872558E+04  0.831218889E-08 -0.162456705E-07 -0.337132224E-09  
 6 E  0.235218576E+04  0.554293056E+01  0.116398229E+01 -0.125515283E-02  0.260428998E+04  0.845093526E-06 -0.538345106E-07 -0.728853427E-08  
 7 E  0.288857771E+04  0.166227762E+01  0.531566669E+01  0.930767686E+00  0.290816960E+04  0.692774768E-06 -0.153754801E-06 -0.459153920E-07  
 8 M  0.301919029E+04 -0.294712467E+00  0.740893588E+01 -0.124183106E+01  0.313471326E+04 -0.189244511E-09  0.364494793E-09  0.698403249E-10  
 9 E  0.356929968E+04 -0.565437273E+01  0.470910500E+01  0.606650416E+00  0.362409079E+04 -0.490201467E-09 -0.993663062E-09 -0.173951601E-10  
10 E  0.393457375E+04 -0.736590351E+01 -0.312734631E+00 -0.113556749E+00  0.419755152E+04  0.293673144E-08  0.401597689E-08 -0.228870898E-10  
11 E  0.466506757E+04 -0.492462812E+01  0.550241313E+01 -0.856097748E-03  0.493134170E+04  0.275401283E-08 -0.385525819E-08 -0.365194114E-10  
12 E  0.520848415E+04 -0.707477964E+01  0.211538962E+01  0.350579686E+00  0.522531891E+04  0.187593708E-07 -0.214499235E-07  0.694358714E-09  
13 M  0.532071587E+04 -0.992080663E+01 -0.454474070E+01  0.769426969E+00  0.541051931E+04 -0.699149338E-10 -0.713963645E-10  0.467837505E-11  
14 E  0.591940547E+04 -0.832146280E+00  0.368751659E+01 -0.379014652E+01  0.602533304E+04  0.797327729E-04  0.218079785E-04 -0.586727821E-03  
15 E  0.628467295E+04  0.518356893E+01  0.447514364E+00 -0.126278545E+01  0.645268957E+04  0.157332478E-03  0.456961755E-04 -0.440205739E-03  
16 E  0.701518000E+04  0.152003947E+01 -0.511552589E+01  0.243522211E-02  0.727200704E+04 -0.142074893E-06  0.182891212E-05  0.237665809E-08  
17 E  0.755023634E+04  0.523640915E+01  0.506579401E+00 -0.759464248E+00  0.756537759E+04  0.142733976E-05  0.304832425E-06 -0.812277702E-07  
18 M  0.765117804E+04  0.824176899E+01 -0.308634233E+00 -0.597375755E+00  0.774232828E+04  0.594804366E-09  0.359167264E-08  0.516962083E-10  
19 E  0.825884635E+04  0.840909138E+00  0.573365929E+01 -0.936254218E+00  0.850721515E+04 -0.834217306E-06 -0.417937936E-06 -0.558351136E-04  
20 E  0.862409458E+04 -0.450994840E+01  0.371196223E+01 -0.349162795E+00  0.879941123E+04 -0.342249905E-06  0.143774346E-06 -0.641307669E-06  
21 E  0.935458060E+04  0.169294171E+01  0.560780441E+01  0.342023626E-03  0.959631782E+04 -0.691150835E-07 -0.919835927E-07  0.707322198E-09  
22 E  0.989177443E+04 -0.296795842E+01  0.494216083E+01  0.103036137E+01  0.991271575E+04  0.239130964E-07 -0.293060632E-06 -0.158533268E-07  
23 M  0.100313833E+05 -0.841827599E+01  0.326670626E+01 -0.212918358E+00  0.102076564E+05  0.579543645E-10 -0.755314742E-10 -0.102140806E-10  
24 E  0.105822367E+05 -0.527200470E+01 -0.306140594E+01  0.460098741E-01  0.108269502E+05 -0.515683894E-07  0.957862046E-06 -0.797610039E-05  
25 E  0.109474807E+05 -0.572446598E+00 -0.601088660E+01  0.944741675E+00  0.111081950E+05  0.172773532E-05 -0.535056335E-04 -0.343482746E-03  
26 E  0.116780001E+05 -0.565428831E+01 -0.227220215E+01 -0.980660162E-03  0.119524403E+05  0.143487715E-06  0.513007779E-07 -0.147758750E-08  
27 E  0.122161182E+05 -0.234643599E+01 -0.555062482E+01 -0.788377564E+00  0.122299934E+05  0.371634355E-06 -0.469957273E-06  0.326266099E-07  
28 M  0.123086194E+05 -0.694062952E+00 -0.114934397E+02  0.321699021E+00  0.124023266E+05 -0.717171207E-10  0.352021675E-10 -0.278913750E-10  
29 E  0.129333344E+05 -0.500830655E+01  0.155406533E+00 -0.145922368E+01  0.130465546E+05 -0.386079478E-04  0.571007063E-04  0.462965063E-03  
30 E  0.132985609E+05 -0.140866433E+01  0.501837461E+01 -0.231856483E-03  0.135952368E+05  0.762035478E-07  0.222676039E-05  0.756976350E-07  
31 E  0.140402506E+05  0.513206090E+01  0.100972330E+01  0.701668560E-03  0.143075740E+05 -0.527518354E-05 -0.506459092E-06 -0.114352230E-06  
32 E  0.145748973E+05  0.373450374E+00  0.507665711E+01  0.113961598E+01  0.145971728E+05  0.742350940E-05  0.894894262E-05 -0.518465291E-06  
33 M  0.147234006E+05 -0.199313964E+01  0.677946572E+01 -0.435701976E+00  0.148161750E+05 -0.588080489E-07  0.117770357E-06 -0.540025009E-07  
34 E  0.153032410E+05 -0.108330416E+01 -0.403574004E+00  0.508490141E+01  0.153580290E+05 -0.798855845E-04 -0.330961848E-03 -0.565109833E-04  
35 E  0.156684944E+05  0.707624374E+00 -0.517336469E+01  0.129930053E-02  0.159423561E+05 -0.837577177E-04  0.225064605E-03  0.195692649E-05  
36 E  0.164086611E+05 
================ PARENT CYCLER 5.301gGff3     ======================= 
Parent cycler number                                               97 
Approximate search space (synodic periods after J2000)              9 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.71 years (km/s)                        0.184814 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2        97.3       12.716       12.716        7.705        7.705        
 7       109.5        7.880        7.880       10.938       10.938        
12       101.0        5.314        5.314        8.267        8.267        
17       139.4        5.875        5.875        9.040        9.040        
22        92.1        6.110        6.110       11.650       11.650        
27       141.9        5.456        5.456        7.642        7.642        
32       109.5        7.319        7.319       11.095       11.095        
AVERAGE  112.9        7.239        7.239        9.477        9.477        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             7752.726486 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.329049307E+02  0.985904601E+01  0.804005377E+01 -0.108204922E-03  0.242100783E+03 -0.237305587E-06 -0.148311108E-07 -0.404790173E-08  
 2 E  0.598299127E+03  0.709215914E+01  0.105047501E+02  0.101918836E+01  0.612896312E+03  0.158580323E-06 -0.702368780E-05 -0.444940124E-06  
 3 M  0.695613695E+03 -0.120302138E+01  0.745101927E+01 -0.154859291E+01  0.936447212E+03 -0.105588770E-08  0.733627654E-08  0.118739992E-08  
 4 E  0.123079929E+04 -0.108470083E+01  0.759418783E+01 -0.179350299E+01  0.174217485E+04  0.133147100E-03  0.342772345E-04  0.389287197E-03  
 5 E  0.196133580E+04 -0.459180764E+01  0.319468100E+01 -0.556869610E+01  0.220969959E+04 -0.422793080E-05 -0.908854465E-04 -0.925995686E-03  
 6 E  0.232657667E+04 -0.543974601E+01  0.569868102E+01  0.969183597E-02  0.258838862E+04  0.327356848E-06 -0.510540926E-06 -0.243472826E-09  
 7 E  0.287201823E+04 -0.749992519E+01  0.239289077E+01  0.345995205E+00  0.288844017E+04  0.153780901E-05 -0.248011044E-06  0.995382640E-07  
 8 M  0.298149778E+04 -0.989411514E+01 -0.459931279E+01  0.768597246E+00  0.307119921E+04  0.814509144E-09  0.151886994E-08 -0.569566128E-10  
 9 E  0.357950726E+04 -0.402041779E+01 -0.349734396E+01 -0.968545215E-01  0.370369429E+04  0.314561394E-05  0.521688965E-05  0.970235765E-04  
10 E  0.431001921E+04  0.213949851E+01 -0.459397391E+01 -0.161234555E+01  0.456204028E+04 -0.504048495E-04  0.146554634E-04 -0.456606735E-03  
11 E  0.467526714E+04  0.151770326E+01 -0.511504025E+01  0.243427219E-02  0.493209197E+04 -0.114181261E-06  0.146181892E-05  0.197657447E-08  
12 E  0.521031888E+04  0.523520902E+01  0.507318723E+00 -0.759385844E+00  0.522546488E+04  0.114908089E-05  0.236514913E-06 -0.647797201E-07  
13 M  0.531129220E+04  0.823973589E+01 -0.307394305E+00 -0.598285393E+00  0.540245542E+04  0.410782890E-09  0.255934357E-08  0.370761733E-10  
14 E  0.591904699E+04  0.558559666E+01  0.169999936E+01 -0.549392155E+00  0.648885649E+04  0.344839724E-05 -0.205151875E-05  0.120634562E-03  
15 E  0.664957199E+04 -0.138331861E-02  0.235583451E+01 -0.538156921E+01  0.685776932E+04 -0.169127831E-03 -0.162296866E-02  0.119667708E-03  
16 E  0.701483047E+04  0.168257478E+01  0.562942529E+01  0.347681194E-03  0.725660038E+04  0.143802053E-07  0.185286446E-07 -0.159299228E-09  
17 E  0.755209695E+04 -0.296795752E+01  0.496423122E+01  0.102953210E+01  0.757300249E+04 -0.101911655E-07  0.875675766E-07  0.488644600E-08  
18 M  0.769146725E+04 -0.842273672E+01  0.327427912E+01 -0.224671836E+00  0.791164922E+04  0.125678566E-09 -0.914221338E-10 -0.445586593E-12  
19 E  0.824192217E+04 -0.523711115E+01  0.301048843E+01  0.103496546E+01  0.879709247E+04  0.461044983E-05  0.339324699E-05  0.218046126E-03  
20 E  0.897240941E+04 -0.484757344E+01 -0.284625863E+01 -0.240381526E+01  0.903815677E+04  0.600152020E-06 -0.571665635E-06 -0.186295779E-05  
21 E  0.933767253E+04 -0.569947892E+01 -0.224403517E+01 -0.890478729E-03  0.961756181E+04  0.261318260E-06  0.112191427E-06 -0.355047856E-08  
22 E  0.987592115E+04 -0.230702729E+01 -0.560280851E+01 -0.784494553E+00  0.988973114E+04  0.253246078E-06 -0.385136903E-06  0.226664933E-07  
23 M  0.996798777E+04 -0.813497002E+00 -0.116185013E+02  0.263221315E+00  0.101701353E+05  0.187712652E-08 -0.194394963E-08  0.178833368E-09  
24 E  0.105996989E+05  0.331799700E+01 -0.449491609E+01  0.982720608E-03  0.109672642E+05 -0.454545970E-01  0.123890761E-01 -0.873217227E-05  
25 E  0.113348295E+05  0.347613887E+01  0.140835982E+01 -0.397256785E+01  0.115941713E+05  0.765687668E-05 -0.117524264E-03  0.412894847E-03  
26 E  0.117000996E+05  0.536812770E+01  0.105525447E+01  0.747753565E-03  0.119679100E+05  0.367739483E-06  0.541051156E-07  0.794661680E-08  
27 E  0.122357204E+05  0.228389296E+00  0.534104585E+01  0.109227043E+01  0.122570001E+05 -0.150856375E-05 -0.235674521E-05  0.139510001E-06  
28 M  0.123775849E+05 -0.154352589E+01  0.738254272E+01 -0.123266880E+01  0.125038488E+05 -0.891963502E-09 -0.407851443E-09  0.360577723E-09  
29 E  0.129265581E+05 -0.144344624E+01  0.709132758E+01 -0.109168870E+01  0.134598352E+05 -0.161628653E-04 -0.253676265E-05  0.141607678E-03  
30 E  0.136570747E+05 -0.580910942E+01  0.343503366E+01 -0.286901060E+01  0.138908351E+05  0.205351024E-04  0.652875424E-05 -0.765809101E-04  
31 E  0.140223252E+05 -0.563769943E+01  0.466209877E+01 -0.484576763E-02  0.142776070E+05  0.230353420E-05 -0.262958586E-05  0.270729570E-08  
32 E  0.145654779E+05 -0.724450073E+01  0.101999506E+01  0.206134108E+00  0.145819077E+05  0.222362741E-05 -0.276521245E-06 -0.650041776E-07  
33 M  0.146750103E+05 -0.936056786E+01 -0.590712327E+01  0.761386513E+00  0.148770421E+05 -0.612127930E-06 -0.149386169E-05 -0.150324558E-06  
34 E  0.152692215E+05 -0.446581593E+01 -0.234990656E+01  0.448846874E-01  0.153787775E+05  0.181028394E-03  0.217269831E-03  0.113632483E-05  
35 E  0.159995952E+05  0.198677204E+01 -0.396586958E+01 -0.237140733E+01  0.160726503E+05  0.194996565E-03  0.192334413E-03 -0.743110045E-03  
36 E  0.163648706E+05 
================ PARENT CYCLER 5.301ggFf3     ======================= 
Parent cycler number                                               98 
Approximate search space (synodic periods after J2000)             16 
Number of steps to walk eccentricity/inclination              1 /   1 
Number of cycles                                                    7 
Total delta v over 44.75 years (km/s)                        0.429957 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 3       165.4        5.622        5.622        7.519        7.519        
 8       117.7        5.489        5.489       11.417       11.417        
 215
13       124.8        5.647        5.543        7.388        7.388        
18       128.6        6.609        6.609        9.789        9.789        
23       101.6        5.210        5.214       10.590       10.590        
28       158.6        5.297        5.277        7.799        7.799        
33       114.0        5.472        5.472       11.564       11.564        
AVERAGE  130.1        5.621        5.604        9.438        9.438        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13259.108943 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.120268486E+02  0.437394775E+01  0.348311920E+01  0.110782880E-02  0.269385576E+03  0.165828071E-06  0.732910963E-07  0.622603574E-09  
 2 E  0.548190863E+03  0.356561922E-01  0.560920601E+01 -0.508812861E-03  0.652820953E+03  0.133116030E-06 -0.122244202E-06 -0.534281056E-08  
 3 E  0.124572480E+04 -0.174595286E+01  0.512463565E+01  0.151649381E+01  0.127053323E+04  0.681065523E-06  0.119097522E-06 -0.250784164E-07  
 4 M  0.141111437E+04 -0.376320477E+01  0.649112747E+01 -0.494480115E+00  0.149621401E+04  0.784857382E-09  0.290109113E-09 -0.180739512E-10  
 5 E  0.197844526E+04 -0.546506504E+01 -0.312968469E+00 -0.815920622E+00  0.222681320E+04  0.132979843E-05  0.451220562E-05  0.477807007E-04  
 6 E  0.234369223E+04 -0.549291235E+01  0.493844135E+00 -0.118156216E-02  0.260089412E+04  0.616562507E-06 -0.155567237E-06 -0.312083537E-08  
 7 E  0.287952950E+04 -0.350614697E+01 -0.428214860E+01 -0.134112649E-03  0.298447698E+04  0.387435145E-07 -0.755709964E-06 -0.140693348E-07  
 8 E  0.357917940E+04 -0.521151240E+01 -0.172200509E+01 -0.218743087E-01  0.359682816E+04 -0.869820180E-06  0.461837488E-06 -0.154805933E-07  
 9 M  0.369683784E+04 -0.815516859E+01 -0.795386975E+01  0.761277728E+00  0.389328527E+04 -0.103282931E-06 -0.633407275E-06 -0.509237603E-08  
10 E  0.429213308E+04  0.281051021E+01 -0.413083777E+01  0.225740375E+00  0.434692441E+04 -0.128183618E-03 -0.141316386E-03 -0.991099107E-04  
11 E  0.465740865E+04  0.218318090E+01 -0.451177154E+01  0.175714563E-03  0.495096595E+04  0.274469025E-04 -0.365978629E-04 -0.266160105E-05  
12 E  0.519114919E+04  0.490846397E+01  0.169662263E+01  0.633160552E-03  0.559564347E+04  0.146235810E-01  0.951686949E-01 -0.169136089E-03  
13 E  0.594021268E+04  0.356053209E+01  0.424834679E+01  0.591579298E-01  0.595892792E+04  0.135185078E-03 -0.165109891E-03  0.123945510E-04  
14 M  0.606498094E+04  0.545947065E+01  0.490896632E+01 -0.820739796E+00  0.615250881E+04 -0.721179999E-07  0.980621040E-07 -0.261199017E-08  
15 E  0.664850008E+04 -0.206228534E+01  0.626980981E+01  0.357587071E+00  0.689322666E+04  0.266688739E-04 -0.283369596E-05 -0.149441082E-03  
16 E  0.701376363E+04 -0.110266299E+01  0.650157955E+01 -0.231975867E-02  0.726225790E+04 -0.978760270E-06 -0.849495298E-05  0.590260601E-07  
17 E  0.755396858E+04 -0.500672420E+01  0.420434498E+01 -0.878323400E+00  0.766354709E+04  0.145454871E-04  0.546101292E-05  0.178145439E-04  
18 E  0.828449202E+04 -0.476245791E+01  0.451823339E+01  0.759737448E+00  0.830377728E+04 -0.667471878E-05 -0.100074136E-04  0.252250107E-06  
19 M  0.841306040E+04 -0.978122807E+01  0.411961163E-01  0.379169664E+00  0.871365356E+04 -0.168021429E-06 -0.235333573E-06  0.138448619E-06  
20 E  0.898021731E+04 -0.208516592E+01 -0.438265725E+01  0.193163866E+01  0.904596427E+04 -0.921107710E-04  0.480900005E-05  0.218329410E-03  
21 E  0.934547822E+04 -0.292825566E+01 -0.430803370E+01  0.262631795E-02  0.960208888E+04 -0.174515458E-03 -0.149840123E-03  0.919819786E-06  
22 E  0.988008376E+04  0.296228326E+01 -0.430617575E+01 -0.124246974E-02  0.998749746E+04 -0.129574373E-03  0.453704271E-04 -0.100515017E-05  
23 E  0.105961751E+05  0.288293926E+01 -0.420732072E+01 -0.108120984E+01  0.106114083E+05 -0.555264777E-04 -0.713408128E-03 -0.264321949E-04  
24 M  0.106977299E+05  0.491291870E+01 -0.938171171E+01 -0.509815163E-01  0.107914078E+05 -0.147187652E-05  0.280910350E-06  0.813338196E-07  
25 E  0.113222493E+05  0.433430218E+01  0.293516253E+01  0.179103548E+00  0.113953032E+05 -0.136160320E-04  0.853289942E-05  0.530717735E-04  
26 E  0.116875188E+05  0.473816911E+01  0.226977159E+01  0.810916034E-03  0.119548823E+05 -0.698753519E-05 -0.247575101E-05  0.103727877E-07  
27 E  0.122222457E+05  0.840469384E-01  0.523285273E+01 -0.819652829E-02  0.125662460E+05 -0.924436441E-02  0.489013596E-02 -0.493475998E-05  
28 E  0.129541613E+05 -0.180135013E+01  0.477090194E+01  0.135659801E+01  0.129779490E+05  0.347278281E-05  0.188804091E-05  0.387998746E-07  
29 M  0.131127464E+05 -0.505815959E+01  0.592388856E+01 -0.388455822E+00  0.131971758E+05  0.674804603E-08 -0.148733002E-08 -0.288577460E-09  
30 E  0.136756089E+05 -0.536934754E+01 -0.115079519E+01  0.611221858E+00  0.139239902E+05 -0.813511863E-06  0.106837088E-05 -0.113712688E-03  
31 E  0.140408755E+05 -0.549578570E+01 -0.344318663E+00 -0.155500059E-02  0.142926997E+05 -0.411294149E-06  0.723762896E-07 -0.731385264E-10  
32 E  0.145766717E+05 -0.273620054E+01 -0.479517478E+01  0.133705150E-02  0.146817350E+05 -0.537070794E-07  0.141488085E-06  0.637476924E-08  
33 E  0.152770933E+05 -0.478967746E+01 -0.263913133E+01 -0.181347651E+00  0.152941915E+05  0.130130843E-06  0.397301540E-07 -0.417094787E-08  
34 M  0.153910811E+05 -0.706169289E+01 -0.912785913E+01  0.742548120E+00  0.154810220E+05 -0.357858115E-10 -0.194494001E-09  0.219982546E-11  
35 E  0.159906871E+05  0.346436106E+01 -0.351738207E+01 -0.900971836E+00  0.160637391E+05 -0.821631364E-06 -0.289213460E-05 -0.188284393E-04  
36 E  0.163559469E+05 
================ PARENT CYCLER 5.301gfGf3     ======================= 
Parent cycler number                                               99 
Approximate search space (synodic periods after J2000)              1 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.79 years (km/s)                        0.391556 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 3       123.4        5.417        5.416        7.302        7.303        
 8       124.4        6.900        6.899       10.049       10.050        
13        95.7        5.261        5.262       10.069       10.070        
18       153.3        5.362        5.360        8.321        8.323        
23        98.6        6.821        6.821       11.625       11.626        
28       136.3        5.592        5.584        7.293        7.296        
33       121.1        6.989        6.988       10.320       10.322        
AVERAGE  121.8        6.049        6.047        9.283        9.284        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                              782.500646 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.427836675E+01  0.485059297E+01 -0.241932503E+01  0.723562696E-03  0.271990637E+03 -0.174818573E-02  0.121941160E-02 -0.225684838E-04  
 2 E  0.539702907E+03  0.452544981E+01  0.296756525E+01  0.224130133E+00  0.649271252E+03 -0.513267402E-04  0.184914170E-02 -0.190696777E-03  
 3 E  0.127015854E+04  0.314960058E+01  0.439254401E+01  0.336710995E+00  0.128866429E+04  0.198119347E-02 -0.116343180E-02  0.185705917E-05  
 4 M  0.139353021E+04  0.406622966E+01  0.599585706E+01 -0.918055505E+00  0.147931873E+04  0.100271102E-03 -0.219816263E-03 -0.151336391E-03  
 5 E  0.196545370E+04 -0.298498197E+01  0.622466840E+01 -0.292056822E+00  0.202024281E+04 -0.785228167E-03 -0.700466107E-03 -0.318429082E-03  
 6 E  0.233071444E+04 -0.203142422E+01  0.658412863E+01 -0.591031736E-03  0.241192735E+04  0.112966413E-03 -0.164254845E-03 -0.922876645E-05  
 7 E  0.287213383E+04 -0.563587397E+01  0.395808929E+01  0.343857248E+00  0.298170786E+04 -0.135019075E-02 -0.132938771E-02  0.153836135E-03  
 8 E  0.360262737E+04 -0.536810739E+01  0.428040662E+01  0.680090903E+00  0.362128118E+04 -0.107497574E-02  0.194249808E-02 -0.202380630E-03  
 9 M  0.372698609E+04 -0.999993278E+01 -0.897246728E+00  0.436325116E+00  0.381213446E+04  0.136015225E-03  0.257675982E-03  0.169953130E-03  
10 E  0.429464186E+04 -0.186779713E+01 -0.486045751E+01 -0.795055051E+00  0.436769015E+04  0.191595613E-03 -0.579597754E-04  0.498578298E-03  
11 E  0.465988333E+04 -0.256135710E+01 -0.458320061E+01  0.662847792E-03  0.490053777E+04 -0.130208647E-02 -0.102770060E-02 -0.915027263E-05  
12 E  0.519467099E+04  0.402780176E+01 -0.312366489E+01  0.135244480E+01  0.530424982E+04  0.138226156E-03 -0.845918132E-04  0.349155740E-04  
13 E  0.592519653E+04  0.363818191E+01 -0.363237674E+01 -0.112102434E+01  0.593955257E+04 -0.368492560E-02 -0.972189439E-03  0.476552128E-04  
14 M  0.602090347E+04  0.653371056E+01 -0.766029774E+01 -0.195058365E+00  0.611418689E+04 -0.975915504E-03 -0.648897980E-03 -0.199255995E-03  
15 E  0.664279291E+04  0.372095460E+01  0.372573853E+01 -0.938244278E+00  0.669758318E+04 -0.488313093E-03  0.179970811E-03 -0.270031884E-03  
16 E  0.700806135E+04  0.431428114E+01  0.319203388E+01 -0.170932493E-02  0.726495183E+04 -0.124248025E-02 -0.447670842E-03  0.419976304E-04  
17 E  0.754324984E+04 -0.698633774E+00  0.521706278E+01 -0.940463938E+00  0.769664455E+04 -0.264974504E-06  0.134610639E-03  0.670326377E-03  
18 E  0.827370086E+04 -0.219451620E+01  0.471506627E+01  0.129781563E+01  0.829669223E+04  0.129768984E-02  0.255319527E-02  0.114961971E-04  
19 M  0.842697670E+04 -0.585152975E+01  0.586005657E+01 -0.828814243E+00  0.855810874E+04  0.177154381E-02  0.239943255E-03 -0.806798350E-03  
20 E  0.897336019E+04 -0.651241481E+01 -0.223171334E+00  0.197269711E+01  0.902815077E+04  0.468875019E-03 -0.105063409E-02  0.503945274E-03  
21 E  0.933863077E+04 -0.677066484E+01  0.801705431E+00 -0.180923545E-02  0.959292941E+04  0.153059681E-02 -0.492157421E-03  0.660725834E-05  
22 E  0.987969171E+04 -0.357488714E+01 -0.413804679E+01  0.405518139E+01  0.998926686E+04 -0.109548796E-02  0.714131796E-03 -0.592053152E-03  
23 E  0.106101927E+05 -0.596728624E+01 -0.328656621E+01 -0.335015576E+00  0.106249755E+05 -0.347122953E-02  0.396280291E-03 -0.152814150E-03  
24 M  0.107087447E+05 -0.573230188E+01 -0.100905556E+02  0.697810558E+00  0.107991308E+05 -0.116147916E-02  0.139581866E-02 -0.104865837E-03  
25 E  0.113113185E+05  0.287040535E+01 -0.179609727E+01 -0.379196991E+01  0.113989820E+05  0.354383807E-03 -0.238487620E-03  0.208106128E-03  
26 E  0.116765828E+05  0.378453567E+01 -0.347133411E+01  0.154120210E-02  0.117567210E+05  0.915584772E-04 -0.495336544E-04  0.555863554E-04  
27 E  0.122108371E+05  0.404400295E+01  0.321339406E+01 -0.791814278E-03  0.127415726E+05 -0.151512552E-01  0.703706609E-01  0.177071209E-04  
28 E  0.129583519E+05  0.196233686E+01  0.519321192E+01  0.599819468E+00  0.129788023E+05  0.271480474E-02 -0.448486818E-02  0.237224905E-03  
29 M  0.130946880E+05  0.275274862E+01  0.668309214E+01 -0.997530214E+00  0.131798217E+05  0.112099505E-02 -0.133576351E-02 -0.336593879E-04  
30 E  0.136622458E+05 -0.390446495E+01  0.577622527E+01 -0.481196891E+00  0.137170357E+05 -0.114882714E-02 -0.144802579E-02 -0.201565147E-03  
31 E  0.140275121E+05 -0.300481952E+01  0.629468192E+01 -0.353581366E-02  0.142767202E+05  0.367272530E-03  0.808524762E-04  0.261187465E-04  
32 E  0.145692690E+05 -0.604373972E+01  0.274775941E+01  0.214224425E+01  0.146788409E+05 -0.116211994E-02 -0.921537222E-03 -0.601076612E-03  
33 E  0.152997482E+05 -0.597688169E+01  0.357651471E+01  0.564219218E+00  0.153179126E+05 -0.307629352E-02  0.477882907E-02 -0.403071576E-03  
34 M  0.154208439E+05 -0.100660504E+02 -0.220513865E+01  0.594501392E+00  0.155074550E+05  0.132984230E-02  0.237437521E-02  0.339882252E-03  
35 E  0.159982515E+05 -0.464567207E+00 -0.481815318E+01  0.150757922E+01  0.160530423E+05  0.199194560E-02  0.511509941E-03  0.664658066E-03  
36 E  0.163635236E+05 
================ PARENT CYCLER 5.301gFgf3     ======================= 
 216
Parent cycler number                                              100 
Approximate search space (synodic periods after J2000)              9 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 44.62 years (km/s)                        0.205926 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2        99.0       11.744       11.754        7.698        7.698        
 7       111.0        7.596        7.596       10.944       10.944        
12       100.3        5.345        5.345        8.323        8.324        
17       139.8        5.800        5.799        9.110        9.110        
22        93.7        5.941        5.942       11.681       11.681        
27       141.6        5.487        5.466        7.662        7.663        
32       110.1        7.104        7.103       11.284       11.284        
AVERAGE  113.6        7.002        7.001        9.529        9.529        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             7752.256864 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.432398662E+02  0.592044953E+01  0.721495840E+01 -0.701476281E+01  0.291263094E+03 -0.424160986E-03 -0.232987679E-03  0.406835688E-04  
 2 E  0.594402595E+03  0.658123207E+01  0.968714163E+01  0.100108675E+01  0.609251596E+03  0.442585864E-03  0.494248290E-03  0.162564070E-04  
 3 M  0.693395937E+03 -0.121693731E+01  0.760108392E+01 -0.928234436E-01  0.785111130E+03  0.588228860E-04 -0.160165065E-04  0.131384570E-04  
 4 E  0.130483056E+04  0.354574355E+01  0.668249603E+01  0.592632833E-03  0.140325808E+04 -0.180480119E-03  0.352508635E-03  0.145919085E-04  
 5 E  0.196101402E+04 -0.586570615E+01  0.475876086E+01 -0.930190453E+00  0.217285468E+04 -0.457784638E-05 -0.555039627E-05  0.151093825E-04  
 6 E  0.232625654E+04 -0.513967198E+01  0.558529562E+01  0.649613542E-03  0.257117353E+04 -0.103880927E-03  0.213887091E-03 -0.159670732E-06  
 7 E  0.287051651E+04 -0.725226898E+01  0.223072717E+01  0.348904359E+00  0.288717021E+04 -0.283506355E-03  0.129658728E-03 -0.361198623E-04  
 8 M  0.298154116E+04 -0.991628978E+01 -0.456583328E+01  0.770410399E+00  0.307135324E+04  0.214749599E-04  0.141948952E-03  0.365042716E-05  
 9 E  0.358028834E+04 -0.399786070E+01 -0.351142097E+01 -0.651754115E+00  0.368986617E+04 -0.788600678E-04 -0.175814583E-03  0.376182015E-04  
10 E  0.431080720E+04  0.211018034E+01 -0.441828757E+01 -0.215615096E+01  0.438385647E+04  0.724179772E-04  0.118817245E-03  0.883217294E-03  
11 E  0.467605356E+04  0.155859299E+01 -0.513500237E+01  0.243441262E-02  0.493293853E+04  0.602855054E-06  0.202913853E-03 -0.333013714E-05  
12 E  0.521123058E+04  0.526714459E+01  0.498048508E+00 -0.762408924E+00  0.522627103E+04 -0.812532963E-04 -0.470878665E-03  0.362968779E-05  
13 M  0.531150024E+04  0.826607307E+01 -0.280861357E+00 -0.936730894E+00  0.540805528E+04 -0.152501366E-05 -0.175049093E-03 -0.158363525E-04  
14 E  0.595520052E+04  0.568874199E+01 -0.103464862E+01  0.107976353E-02  0.605928017E+04 -0.284272063E-03 -0.105472912E-03  0.326277541E-05  
15 E  0.664906482E+04  0.859620836E+00  0.536021475E+01 -0.203423659E+01  0.688281493E+04 -0.297130565E-03  0.241547946E-03 -0.582773519E-03  
16 E  0.701429936E+04  0.176502737E+01  0.553002051E+01  0.268701562E-03  0.726667682E+04  0.842446194E-04  0.144392991E-03 -0.396769391E-06  
17 E  0.755127268E+04 -0.303177969E+01  0.483324817E+01  0.103854921E+01  0.757224476E+04  0.205675370E-03  0.158382815E-03 -0.311057050E-04  
18 M  0.769108658E+04 -0.848173974E+01  0.329325150E+01  0.451342874E+00  0.777990915E+04  0.153568766E-03  0.761843580E-04  0.225073652E-04  
19 E  0.828323709E+04 -0.284381100E+01  0.518245921E+01 -0.149389015E-02  0.838642842E+04  0.748469666E-04 -0.485145294E-04 -0.768411922E-05  
20 E  0.897117929E+04 -0.519472403E+01 -0.277961340E+01  0.812019776E+00  0.903692699E+04  0.157613352E-03 -0.128863425E-03  0.405171805E-03  
21 E  0.933644430E+04 -0.560763875E+01 -0.200028186E+01 -0.103733757E-03  0.959447486E+04  0.111041505E-03  0.146343081E-04  0.262946921E-06  
22 E  0.987400797E+04 -0.209622360E+01 -0.550537261E+01 -0.774676119E+00  0.988806959E+04 -0.586802413E-03  0.427764406E-04 -0.713147060E-05  
23 M  0.996775214E+04 -0.900137904E+00 -0.116438047E+02  0.261828912E+00  0.100626652E+05 -0.291357392E-03  0.143968109E-03 -0.218365935E-04  
24 E  0.106005061E+05  0.348796954E+01 -0.444004210E+01 -0.636119146E-02  0.109164391E+05 -0.447510030E-01  0.197567025E-01 -0.227992020E-02  
25 E  0.113352340E+05  0.279786763E+01  0.123883041E+01 -0.456631513E+01  0.113900238E+05  0.199774945E-03 -0.960553025E-03 -0.439417423E-03  
26 E  0.117004997E+05  0.539814019E+01  0.105729183E+01  0.791673454E-03  0.119844441E+05  0.192135451E-03  0.591201647E-04  0.680043933E-05  
27 E  0.122362438E+05  0.224696678E+00  0.535095475E+01  0.109056533E+01  0.122574863E+05  0.183535198E-03 -0.238430335E-03  0.186075262E-04  
28 M  0.123778605E+05 -0.166934163E+01  0.747827113E+01 -0.962887993E-01  0.124699307E+05  0.212421615E-03 -0.695589042E-04  0.271702390E-04  
29 E  0.129916614E+05  0.299277642E+01  0.641384258E+01 -0.188827660E-02  0.130913665E+05 -0.965613050E-04  0.150073414E-03 -0.146351073E-04  
30 E  0.136563622E+05 -0.598477642E+01  0.382795945E+01  0.405489632E+00  0.137184542E+05 -0.249749220E-04 -0.912762912E-04 -0.162954981E-03  
31 E  0.140216096E+05 -0.536022192E+01  0.465067496E+01 -0.452918907E-02  0.142710470E+05 -0.131247932E-03  0.214005806E-03  0.202200274E-05  
32 E  0.145638648E+05 -0.705211134E+01  0.818266276E+00  0.221620080E+00  0.145803756E+05 -0.508332583E-03  0.452052833E-03 -0.505718722E-04  
33 M  0.146739369E+05 -0.961972862E+01 -0.584432476E+01  0.794186125E+00  0.147650840E+05 -0.137572961E-04  0.337418282E-03 -0.124937073E-05  
34 E  0.152815841E+05 -0.566455681E+01 -0.175421311E+00  0.525097858E-03  0.153857206E+05 -0.143381390E-04 -0.532899807E-04 -0.211239400E-05  
35 E  0.159758275E+05  0.238234280E+00 -0.519769543E+01 -0.226691099E+01  0.161949795E+05 -0.108789888E-03  0.116695471E-03 -0.216931880E-03  
36 E  0.163410809E+05 
================ PARENT CYCLER 5.301gfGff3    ======================= 
Parent cycler number                                              102 
Approximate search space (synodic periods after J2000)              9 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.69 years (km/s)                        0.086683 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 3        97.3       12.715       12.715        7.705        7.705        
 9       109.6        7.868        7.868       10.921       10.921        
15       101.8        5.276        5.318        8.279        8.279        
21       139.7        5.847        5.847        9.036        9.036        
27        92.1        6.110        6.110       11.614       11.614        
33       146.0        5.480        5.493        7.623        7.623        
39       110.0        7.263        7.263       11.071       11.071        
AVERAGE  113.8        7.223        7.231        9.464        9.464        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             7387.469588 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.328952327E+02  0.984271018E+01  0.805689446E+01  0.400103086E-03  0.332557481E+03 -0.680067815E-08 -0.751305124E-08  0.745124723E-10  
 2 E  0.598295700E+03  0.942279392E+01  0.721687133E+01 -0.461469459E+01  0.740746705E+03 -0.183496171E-04  0.218648636E-04  0.149653987E-03  
 3 E  0.963554686E+03  0.709200829E+01  0.105045092E+02  0.101918299E+01  0.978151866E+03 -0.173128363E-07  0.739194574E-06  0.466733651E-07  
 4 M  0.106086922E+04 -0.120292713E+01  0.745107949E+01 -0.154866584E+01  0.131775810E+04 -0.631596261E-10  0.946892176E-10  0.130910695E-10  
 5 E  0.159605438E+04 -0.619952706E+01  0.483792475E+01  0.476737074E+00  0.183348271E+04  0.138329069E-06 -0.109262389E-06  0.215279127E-04  
 6 E  0.196132874E+04 -0.548951659E+01  0.413761309E+01 -0.383806397E+01  0.220239614E+04 -0.418487509E-05 -0.338629188E-04 -0.479265916E-03  
 7 E  0.232658237E+04 -0.544356885E+01  0.571163105E+01 -0.279495736E-01  0.257746022E+04 -0.620313083E-08  0.105559150E-07  0.185112563E-11  
 8 E  0.287196899E+04 -0.454917022E+01  0.643859072E+01  0.290153916E+00  0.299615632E+04 -0.737257150E-06 -0.577578313E-06 -0.835603606E-04  
 9 E  0.323722584E+04 -0.748680946E+01  0.239409753E+01  0.344944802E+00  0.325366991E+04  0.199425512E-07 -0.339683804E-08  0.128439839E-08  
10 M  0.334685297E+04 -0.987310610E+01 -0.460397690E+01  0.763946634E+00  0.346024940E+04  0.247081486E-10  0.285175419E-10 -0.148402708E-11  
11 E  0.394367631E+04 -0.633497989E+00  0.327514533E+01 -0.408202361E+01  0.421761923E+04 -0.142474091E-03  0.354594410E-03 -0.396211494E-04  
12 E  0.430893353E+04  0.164658933E+01 -0.341556758E+01 -0.365855222E+01  0.456827168E+04 -0.158388546E-04 -0.246220674E-04  0.460684765E-03  
13 E  0.467419853E+04  0.139757937E+01 -0.506649120E+01 -0.355938256E-03  0.493089577E+04 -0.488988649E-08 -0.130528612E-06  0.121968712E-09  
14 E  0.520898446E+04 -0.428104777E+00 -0.393669582E+00 -0.524250414E+01  0.546831469E+04  0.243924398E-03 -0.663874270E-03 -0.553346980E-04  
15 E  0.557423830E+04  0.523257130E+01  0.562836946E+00 -0.764291821E+00  0.558950513E+04  0.106846506E-06 -0.160062293E-07 -0.340277141E-08  
16 M  0.567601717E+04  0.824968363E+01 -0.352203065E+00 -0.596897279E+00  0.576723313E+04  0.218891314E-10  0.131205824E-09  0.260914097E-11  
17 E  0.628412360E+04  0.864544212E+00  0.578319257E+01  0.390198339E+00  0.653249221E+04  0.864781397E-06 -0.284787552E-06 -0.430371660E-04  
18 E  0.664937156E+04 -0.228569972E+00  0.149521506E+01 -0.564289897E+01  0.685756832E+04  0.965490085E-04  0.570464380E-03 -0.618356547E-04  
19 E  0.701462904E+04  0.171940384E+01  0.558647140E+01 -0.274616337E-02  0.731004287E+04  0.907856642E-09  0.312263083E-07 -0.255690064E-09  
20 E  0.755174510E+04  0.303969245E+01  0.496736342E+01 -0.274910018E+00  0.766497742E+04  0.980881882E-06 -0.498564163E-06 -0.967618861E-04  
21 E  0.791701065E+04 -0.297211650E+01  0.492898882E+01  0.103112350E+01  0.793796347E+04 -0.668149077E-08  0.110474431E-06  0.586004196E-08  
22 M  0.805669616E+04 -0.841921521E+01  0.327289984E+01 -0.219099643E+00  0.813929742E+04 -0.149135104E-11 -0.453126017E-10 -0.225511044E-10  
23 E  0.860737117E+04 -0.421690160E+01 -0.256459918E+01  0.360691648E+01  0.885938824E+04  0.384838764E-04 -0.203739273E-04  0.685272493E-03  
24 E  0.897261330E+04 -0.398970224E+01 -0.248495865E+01 -0.392690539E+01  0.922463823E+04 -0.369017181E-05  0.173313555E-05  0.598367837E-04  
25 E  0.933786682E+04 -0.567070144E+01 -0.227027902E+01  0.284541231E-02  0.959621264E+04 -0.492248421E-07 -0.727938365E-08  0.178911368E-09  
26 E  0.987608728E+04 -0.589579660E+01 -0.110623580E+01  0.123657927E+01  0.999663006E+04 -0.425195905E-05  0.196520891E-04  0.451612399E-03  
27 E  0.102413684E+05 -0.232735515E+01 -0.559418413E+01 -0.785985627E+00  0.102551835E+05  0.168955292E-07 -0.229263710E-07  0.149882630E-08  
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28 M  0.103334692E+05 -0.777851966E+00 -0.115850718E+02  0.275162709E+00  0.104721135E+05 -0.259415719E-11 -0.757083862E-11  0.691416158E-11  
29 E  0.109636705E+05 -0.433551945E+01 -0.137428508E+00 -0.336674801E+01  0.112412646E+05  0.730715446E-03  0.278474325E-03  0.254563622E-04  
30 E  0.113289258E+05  0.157406411E+01  0.731950304E+00 -0.519193365E+01  0.115809521E+05 -0.952646747E-03 -0.369041070E-03 -0.932190608E-04  
31 E  0.116941812E+05  0.545099362E+01  0.532152943E+00 -0.153035650E-02  0.117745311E+05  0.695927226E-08 -0.197243907E-08  0.225172324E-09  
32 E  0.122298471E+05  0.561004978E+00 -0.570600682E+00  0.542576772E+01  0.124380434E+05 -0.702684431E-04  0.126022525E-04  0.626536014E-05  
33 E  0.125951038E+05 -0.857376838E-01  0.537584667E+01  0.112598303E+01  0.126170028E+05 -0.652888852E-08 -0.686166978E-09  0.123535163E-09  
34 M  0.127410966E+05 -0.144574924E+01  0.738670735E+01 -0.120745721E+01  0.128457069E+05  0.330742642E-10 -0.101236612E-10  0.153392564E-11  
35 E  0.132916772E+05 -0.610461661E+01  0.370158376E+01  0.136991291E+01  0.135327561E+05  0.228795458E-06  0.560797511E-05 -0.218794008E-03  
36 E  0.136569482E+05 -0.503645171E+01  0.287964392E+01 -0.438185902E+01  0.139053118E+05  0.119206110E-05 -0.881264313E-04 -0.113555192E-02  
37 E  0.140221887E+05 -0.559745253E+01  0.465621999E+01 -0.305590738E-02  0.142719356E+05 -0.189037111E-07  0.297584783E-07  0.108902212E-10  
38 E  0.145651168E+05 -0.474568164E+01  0.550919803E+01 -0.403384184E+00  0.146893034E+05 -0.103463662E-05 -0.103374601E-05  0.906956308E-04  
39 E  0.149303717E+05 -0.719060516E+01  0.100555384E+01  0.205319258E+00  0.149468672E+05  0.745138834E-07 -0.138021894E-07 -0.253773588E-08  
40 M  0.150403418E+05 -0.934140462E+01 -0.589622136E+01  0.738684183E+00  0.151282083E+05 -0.150027931E-10  0.152789080E-10  0.888628526E-12  
41 E  0.156261184E+05  0.151923290E+01 -0.475342691E+01 -0.359515215E+00  0.158781588E+05 -0.462770143E-06  0.106614213E-06 -0.366178140E-05  
42 E  0.159913944E+05  0.149713698E+01 -0.474850502E+01 -0.569314879E+00  0.162470614E+05  0.370702963E-07  0.775733779E-06 -0.915794821E-04  
43 E  0.163566330E+05 
================ PARENT CYCLER 5.219Ggh-3     ======================= 
Parent cycler number                                              111 
Approximate search space (synodic periods after J2000)             16 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 44.70 years (km/s)                        0.021325 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        74.0       ******       10.335        7.534        7.533        
 5       143.0        5.628        5.628        8.901        8.901        
 9       100.2        5.458        5.458       11.586       11.586        
13       145.1        5.281        5.281        7.197        7.197        
17       120.2        5.868        5.868       11.138       11.138        
21       105.8        5.244        5.244        7.559        7.559        
25       142.5        5.559        5.559        9.188        9.188        
AVERAGE  118.7        5.506        6.196        9.015        9.015        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            12965.276998 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.551162081E+02  0.977440846E+01 -0.331811074E+01 -0.517491084E+00  0.662170895E+02  0.606157756E-03  0.788443446E-03 -0.811506452E-04  
 2 M  0.129122084E+03  0.722654853E+01  0.200333168E+01 -0.718919845E+00  0.218227051E+03 -0.352774612E-05 -0.860633300E-05 -0.405335698E-06  
 3 E  0.723155200E+03  0.511290829E+01 -0.243997358E+01 -0.618001875E-03  0.827866265E+03 -0.234697273E-03 -0.793317230E-04  0.677689608E-05  
 4 E  0.142122896E+04  0.270678170E+01  0.493640236E+01 -0.299848449E-01  0.158599788E+04 -0.526286293E-05  0.138347672E-05  0.216204139E-06  
 5 E  0.233661182E+04 -0.295542797E+01  0.467541886E+01  0.104115721E+01  0.235806109E+04 -0.330108631E-04 -0.820885071E-04 -0.246791694E-05  
 6 M  0.247960691E+04 -0.834091168E+01  0.310867863E+01  0.328147271E-01  0.266476603E+04  0.164530113E-07 -0.195271091E-07 -0.346243609E-08  
 7 E  0.304069513E+04 -0.106133473E+01  0.530158207E+01 -0.130470450E-02  0.314621014E+04 -0.229461058E-05  0.169614450E-05  0.143078251E-07  
 8 E  0.374412853E+04 -0.404738006E+01 -0.744612608E+00 -0.358158418E+01  0.402600468E+04  0.367107861E-06  0.149818874E-06 -0.124888379E-07  
 9 E  0.465340641E+04 -0.152839200E+01 -0.518524345E+01 -0.755727285E+00  0.466842911E+04 -0.433229043E-06  0.766504637E-07 -0.324851796E-07  
10 M  0.475355776E+04 -0.995860559E+00 -0.115384843E+02  0.327926202E+00  0.494174374E+04 -0.206711175E-07  0.244392920E-07  0.117926827E-08  
11 E  0.538084437E+04  0.194837420E+01 -0.490269473E+01  0.437054362E+00  0.549773054E+04 -0.451013527E-04  0.641420976E-04  0.175210066E-03  
12 E  0.611138291E+04  0.529184384E+01  0.352634528E+00 -0.411005157E-03  0.638559600E+04 -0.813130862E-05 -0.917624287E-06 -0.218788223E-07  
13 E  0.702542653E+04  0.520232022E+00  0.513654276E+01  0.111258059E+01  0.704718959E+04  0.636400242E-06  0.710291706E-05 -0.323313742E-06  
14 M  0.717051364E+04 -0.193496902E+01  0.689566426E+01 -0.707685758E+00  0.725507436E+04  0.503626602E-08 -0.562321186E-08 -0.275546533E-10  
15 E  0.773425178E+04  0.439300226E+01  0.373044354E+01  0.334033111E-03  0.783831162E+04 -0.816478885E-07 -0.618825362E-06  0.649347884E-08  
16 E  0.842798402E+04 -0.285745124E+01  0.372023531E+01 -0.339262919E+01  0.870148983E+04  0.129424507E-05 -0.120433885E-05 -0.419414235E-07  
17 E  0.933967005E+04 -0.586104344E+01  0.154508498E+00  0.234352385E+00  0.935769265E+04 -0.165382833E-05  0.350972915E-06  0.537661607E-07  
18 M  0.945982070E+04 -0.952830319E+01 -0.571516180E+01  0.774351987E+00  0.954993509E+04 -0.125644341E-08  0.109339245E-07  0.636054646E-10  
19 E  0.100605833E+05 -0.383182786E+01 -0.356527343E+01 -0.170631723E+00  0.101993754E+05  0.652663160E-04  0.393932476E-04  0.178523609E-03  
20 E  0.107910682E+05  0.222922770E+01 -0.472406912E+01  0.840223200E-01  0.110652096E+05  0.282885582E-04 -0.493910699E-04 -0.940022724E-07  
21 E  0.117048729E+05  0.494284681E+01  0.169927214E+01 -0.424508182E+00  0.117207370E+05 -0.524230627E-04 -0.620372095E-05 -0.359012305E-05  
22 M  0.118106339E+05  0.716450343E+01  0.229224838E+01 -0.747578355E+00  0.120406253E+05 -0.445624653E-07 -0.781793994E-08 -0.335086057E-08  
23 E  0.124158745E+05  0.527676245E+01 -0.184172891E+01  0.764442130E-03  0.125209625E+05 -0.696548236E-05 -0.263942808E-05 -0.264791858E-07  
24 E  0.131164611E+05  0.207655196E+01  0.515230414E+01 -0.342393647E-01  0.134458965E+05 -0.618618605E-06  0.142334339E-06  0.295088583E-07  
25 E  0.140315594E+05 -0.352601014E+01  0.418754348E+01  0.966344166E+00  0.140529311E+05 -0.156586701E-07 -0.354394167E-05  0.130090786E-06  
26 M  0.141740374E+05 -0.894272550E+01  0.209680958E+01  0.226570077E+00  0.145143524E+05 -0.203888601E-05 -0.171030744E-05  0.135023892E-05  
27 E  0.147412291E+05 -0.329787504E+01  0.379453032E+01 -0.130479165E+01  0.149384656E+05 -0.192166358E-03  0.163822568E-03  0.245409610E-03  
28 E  0.154717346E+05 -0.281851098E+01 -0.320522673E+01 -0.294708277E+01  0.157538052E+05  0.534445348E-04  0.852565470E-04 -0.115145696E-04  
29 E  0.163816397E+05 
================ PARENT CYCLER 5.219Ggh+3     ======================= 
Parent cycler number                                              112 
Approximate search space (synodic periods after J2000)             16 
Number of steps to walk eccentricity/inclination              1 /   1 
Number of cycles                                                    7 
Total delta v over 45.10 years (km/s)                        0.000079 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       141.2       ******        7.666        9.240        9.240        
 5       139.9        5.716        5.716        9.328        9.328        
 9        86.5        6.726        6.726       12.023       12.023        
13       121.8        6.584        6.584        8.102        8.102        
17       103.3        8.291        8.291       11.316       11.316        
21        96.0        5.720        5.720        7.916        7.916        
25       131.0        6.799        6.799        9.211        9.211        
AVERAGE  117.1        6.639        6.786        9.591        9.591        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            12965.276998 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.802122613E+02  0.740718437E+01 -0.119595861E+01 -0.157382091E+01 -0.590392600E+02 -0.431464384E-05 -0.139652470E-04  0.366954882E-06  
 2 M  0.609410807E+02  0.839594255E+01 -0.383328907E+01 -0.443823044E+00  0.331283956E+03  0.645512286E-08 -0.498352808E-08  0.278125882E-08  
 3 E  0.689645441E+03  0.567520136E+01 -0.248389072E+00 -0.681175105E+00  0.799219307E+03  0.237668929E-05  0.664298911E-07  0.331491152E-05  
 4 E  0.142013788E+04  0.283435720E+01  0.496621822E+01 -0.185867463E+00  0.166738319E+04  0.319665002E-06  0.348459975E-06 -0.238297329E-09  
 5 E  0.233586126E+04 -0.321218590E+01  0.460748077E+01  0.105860636E+01  0.235683905E+04  0.845974025E-06  0.142149498E-05  0.299335673E-07  
 6 M  0.247571319E+04 -0.859465537E+01  0.358698280E+01  0.534015308E+00  0.263208762E+04 -0.226744881E-09  0.466316703E-09  0.974265991E-11  
 7 E  0.307715328E+04 -0.281167090E+01  0.607245682E+01 -0.203826085E-03  0.317784945E+04 -0.171688863E-07  0.756538907E-08  0.933970770E-09  
 8 E  0.374846106E+04 -0.652955217E+01 -0.167397747E+01 -0.862414523E-03  0.401519797E+04 -0.412399211E-06 -0.151430213E-06 -0.119285253E-08  
 9 E  0.466824349E+04 -0.273593843E+01 -0.609246014E+01 -0.800641732E+00  0.468122416E+04 -0.236019295E-06 -0.564207993E-07 -0.186133411E-07  
10 M  0.475478129E+04 -0.101540805E+01 -0.119785617E+02  0.160893622E+00  0.485116866E+04 -0.287513302E-09  0.137795380E-09 -0.509419042E-10  
11 E  0.539736375E+04  0.278121005E+01 -0.410626715E+01  0.431234742E+01  0.564573643E+04 -0.140378209E-04  0.778623194E-05 -0.381349582E-05  
12 E  0.612787163E+04  0.560404452E+01  0.223480490E+01  0.260004249E+01  0.639379790E+04  0.115497437E-05  0.365370327E-06  0.593978489E-08  
13 E  0.704485876E+04  0.177974815E+01  0.625768332E+01  0.101451263E+01  0.706313028E+04  0.130671872E-05  0.150926892E-06 -0.466542199E-07  
14 M  0.716666891E+04 -0.176240043E+01  0.790833426E+01  0.175204794E-01  0.725985242E+04  0.209564583E-09  0.700753119E-10 -0.183547678E-10  
15 E  0.778789235E+04  0.353811112E+01  0.745892829E+01 -0.307986422E-03  0.788465756E+04 -0.105665131E-06  0.269187015E-06 -0.126454067E-07  
16 E  0.843299375E+04 -0.571052799E+01  0.602035595E+01 -0.139271366E-02  0.868303729E+04 -0.121949197E-07  0.177422793E-07 -0.230362316E-09  
17 E  0.935908094E+04 -0.818041667E+01  0.133153056E+01  0.209605765E+00  0.937458004E+04 -0.227926355E-07 -0.541113050E-07 -0.383580630E-08  
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18 M  0.946240830E+04 -0.957865349E+01 -0.597281676E+01  0.795716818E+00  0.955360215E+04  0.200654504E-10 -0.472172984E-10  0.654119464E-13  
19 E  0.100703673E+05 -0.226296188E+01 -0.526386952E+01 -0.296849435E+00  0.106255721E+05  0.217014232E-06 -0.759193909E-08 -0.701891434E-06  
20 E  0.108008999E+05  0.318793043E+01 -0.441421336E+01  0.186159881E+01  0.110844258E+05 -0.117610853E-07  0.984460996E-08  0.246709785E-09  
21 E  0.117154995E+05  0.554299234E+01  0.134948883E+01 -0.420931989E+00  0.117299012E+05  0.240627342E-07 -0.747522351E-08  0.172937540E-08  
22 M  0.118115110E+05  0.753272298E+01  0.234320625E+01 -0.651591544E+00  0.118997845E+05 -0.152904817E-10 -0.479398265E-10  0.341924675E-11  
23 E  0.124000008E+05  0.549286016E+01  0.386774336E+01  0.313150970E+00  0.125095811E+05  0.249326614E-08  0.141391322E-08  0.191355907E-10  
24 E  0.131305358E+05  0.555656066E+00  0.541534364E+01  0.395095781E+01  0.138713462E+05  0.128818340E-09 -0.597664718E-10  0.248428992E-10  
25 E  0.140451165E+05 -0.361014487E+01  0.568924633E+01  0.909383458E+00  0.140647708E+05  0.194292288E-09  0.164097555E-08 -0.846929702E-10  
26 M  0.141761451E+05 -0.899639482E+01  0.194633976E+01  0.338475840E+00  0.142621227E+05  0.217485938E-10  0.254819316E-10  0.173977177E-11  
27 E  0.147493287E+05 -0.468307736E+01  0.205377449E+01  0.112514671E+00  0.148588942E+05 -0.676941236E-07  0.517010403E-08  0.185978790E-09  
28 E  0.154797652E+05 -0.287924099E+01 -0.420791716E+01 -0.207209935E-02  0.157811538E+05  0.107766151E-08  0.164281742E-07  0.432121794E-10  
29 E  0.163930641E+05 
================ PARENT CYCLER 5.219Ggfh-f3   ======================= 
Parent cycler number                                              113 
Approximate search space (synodic periods after J2000)             19 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 45.02 years (km/s)                        0.004426 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       193.1       ******        8.483        8.692        8.692        
 7       101.0        5.417        5.417       11.636       11.636        
13       141.5        5.385        5.385        7.196        7.196        
19       118.7        5.994        5.994       11.217       11.217        
25       102.8        5.333        5.333        7.514        7.514        
31       140.5        5.714        5.714        9.211        9.211        
37        99.2        5.319        5.319       11.302       11.302        
AVERAGE  128.1        5.527        5.949        9.538        9.538        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            15305.168830 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.735243551E+02 -0.542817797E+01  0.468094635E+01  0.453782203E+01 -0.445661875E+02 -0.665920502E-04 -0.639287851E-04 -0.418520681E-05  
 2 M  0.119530095E+03 -0.760842792E+01  0.420185452E+01  0.532019797E-03  0.431370312E+03  0.150687267E-07 -0.340567950E-08 -0.108940698E-08  
 3 E  0.697011978E+03 -0.894556809E+00  0.528176417E+01 -0.818129500E-03  0.802882610E+03 -0.933273526E-06  0.872482179E-06  0.153058130E-07  
 4 E  0.140281619E+04 -0.526096799E+01 -0.113340091E+01 -0.412502131E+00  0.165117096E+04  0.330563694E-05  0.105613491E-04 -0.698914012E-04  
 5 E  0.176804380E+04  0.514913796E-01 -0.500708581E+00 -0.536926097E+01  0.179486063E+04  0.152674612E-05  0.562006878E-06 -0.730385801E-07  
 6 E  0.194682265E+04 -0.517651478E+01  0.406262716E-01  0.158678998E+01  0.206370265E+04  0.702363467E-06 -0.140027320E-04 -0.237569225E-03  
 7 E  0.231207266E+04 -0.142368143E+01 -0.517188411E+01 -0.751191630E+00  0.232722524E+04  0.106289607E-05 -0.660044090E-06  0.817641081E-07  
 8 M  0.241308991E+04 -0.107406863E+01 -0.115817836E+02  0.310514400E+00  0.250757166E+04 -0.647894479E-10  0.141425382E-09 -0.383423414E-10  
 9 E  0.304296824E+04  0.256721050E+01 -0.477360457E+01 -0.533590738E-01  0.361276755E+04  0.614843660E-05  0.729121219E-05 -0.375919914E-04  
10 E  0.377348017E+04  0.496288065E+01  0.981632708E+00 -0.195779505E+01  0.402915858E+04  0.267046996E-05 -0.229372619E-05  0.107336363E-03  
11 E  0.413873504E+04 -0.681537593E-01  0.483795396E+00 -0.538170419E+01  0.416670795E+04  0.873835816E-08  0.505356173E-07  0.901607517E-08  
12 E  0.432522107E+04  0.533236963E+01  0.212706814E+00  0.696574883E+00  0.443846041E+04  0.402086683E-06 -0.103077306E-04  0.424834630E-03  
13 E  0.469050927E+04  0.874586676E+00  0.520160113E+01  0.108713740E+01  0.471173481E+04 -0.141891715E-06 -0.389803450E-08  0.303109536E-08  
14 M  0.483201286E+04 -0.201089667E+01  0.687346573E+01 -0.700462326E+00  0.491647206E+04  0.394447471E-10  0.623490553E-11 -0.388772235E-11  
15 E  0.539507421E+04  0.430967837E+01  0.379755533E+01  0.344044434E-03  0.549920949E+04  0.129086849E-08  0.125139564E-07 -0.925271241E-10  
16 E  0.608930942E+04 -0.370353959E+01  0.402447517E+01 -0.185233632E+01  0.633768185E+04  0.120666420E-07 -0.197954104E-06 -0.671149055E-05  
17 E  0.645456300E+04 -0.464112678E+00 -0.326942908E+00 -0.576646834E+01  0.648172884E+04  0.128584717E-07  0.113740153E-08 -0.220713010E-08  
18 E  0.663566861E+04 -0.257893065E+01  0.457724132E+01  0.284725872E+01  0.674889859E+04  0.268397951E-04  0.165383807E-04  0.320038169E-03  
19 E  0.700092663E+04 -0.598648272E+01  0.199555190E+00  0.237095792E+00  0.701873181E+04  0.104439644E-07  0.244356711E-09 -0.173588632E-09  
20 M  0.711962787E+04 -0.962004249E+01 -0.571373734E+01  0.787429717E+00  0.721046811E+04 -0.830659384E-11  0.444032413E-10  0.292777879E-12  
21 E  0.772522948E+04 -0.311103299E+01 -0.449416432E+01 -0.499081716E+00  0.830234119E+04  0.102250833E-05  0.188420040E-05 -0.528731696E-04  
22 E  0.845575063E+04  0.244264062E+01 -0.329889119E+01 -0.364685852E+01  0.871507281E+04  0.143933030E-04  0.579895117E-04 -0.951330904E-03  
23 E  0.882099314E+04  0.443353759E+00  0.240208732E+00 -0.547866429E+01  0.884855576E+04  0.501959629E-07  0.301965420E-07  0.107635575E-07  
24 E  0.900474391E+04  0.209715543E+01 -0.458045789E+01  0.173863534E+01  0.911797012E+04  0.137163994E-04  0.643642221E-05 -0.251004472E-03  
25 E  0.936998973E+04  0.510904777E+01  0.147440633E+01 -0.400986817E+00  0.938541700E+04  0.891814698E-09  0.210141745E-07 -0.628756576E-10  
26 M  0.947283818E+04  0.707102167E+01  0.242653651E+01 -0.753545497E+00  0.964207471E+04 -0.296385353E-10 -0.302899680E-11  0.521882446E-11  
27 E  0.100772544E+05  0.531488980E+01 -0.166518243E+01  0.691603420E-03  0.101824538E+05 -0.191718964E-08 -0.845817595E-09 -0.431369360E-11  
28 E  0.107785841E+05  0.459017147E+00  0.273328099E+01 -0.479165543E+01  0.109794782E+05  0.168164458E-03  0.676519724E-03 -0.842418054E-04  
29 E  0.111438462E+05 -0.479036347E+00  0.171411709E+00 -0.551238700E+01  0.111715594E+05  0.135948717E-08  0.142232088E-07  0.723417687E-09  
30 E  0.113286011E+05  0.238546024E+01  0.510370889E+01  0.831677360E+00  0.114418346E+05  0.866763616E-05 -0.392519746E-05  0.331294115E-03  
31 E  0.116938706E+05 -0.351700290E+01  0.440124882E+01  0.954414545E+00  0.117149412E+05 -0.607842941E-08  0.158858647E-07 -0.200522544E-09  
32 M  0.118343411E+05 -0.896577630E+01  0.210516976E+01  0.162927522E+00  0.119187951E+05 -0.569755621E-11 -0.900432127E-11  0.498246826E-11  
33 E  0.123973677E+05 -0.194360210E+01  0.497218916E+01 -0.961900282E-03  0.127360689E+05  0.539527225E-07 -0.753002983E-08 -0.587865124E-11  
34 E  0.131029952E+05 -0.488357919E+01 -0.218442399E+01 -0.514882932E+00  0.133513591E+05 -0.894001098E-07  0.572229304E-07  0.114586476E-04  
35 E  0.134682362E+05  0.158148754E+00 -0.459541456E+00 -0.533199382E+01  0.134950498E+05 -0.160341731E-09 -0.548784117E-09  0.103988668E-09  
36 E  0.136469936E+05 -0.508652090E+01 -0.104959132E+01  0.123629481E+01  0.137638751E+05  0.221860021E-05 -0.970386885E-05 -0.229053477E-03  
37 E  0.140122483E+05 -0.935060580E-03 -0.524143880E+01 -0.903208529E+00  0.140271265E+05 -0.343900260E-09 -0.447656627E-09 -0.284188557E-10  
38 M  0.141114359E+05  0.120538729E+01 -0.112353963E+02  0.196367453E+00  0.142054033E+05 -0.231539690E-09  0.199116858E-10 -0.669619926E-12  
39 E  0.147378849E+05 -0.100398101E+00 -0.517095413E+01  0.445438468E-03  0.148452857E+05 -0.476158307E-06  0.829887576E-06  0.817231812E-08  
40 E  0.154538901E+05  0.515990263E+01  0.237712198E+00 -0.179516797E+00  0.157095592E+05  0.219067915E-06  0.125013155E-05 -0.110815320E-03  
41 E  0.158191317E+05  0.232499814E-01  0.450580917E+00 -0.516629828E+01  0.158470878E+05  0.467281402E-07  0.241806855E-06  0.424289959E-07  
42 E  0.160055056E+05  0.504457123E+01 -0.488478954E+00  0.888150495E+00  0.161150791E+05 -0.978559908E-07  0.358493540E-06 -0.261926564E-05  
43 E  0.163707505E+05 
================ PARENT CYCLER 5.219Ggfh+f3   ======================= 
Parent cycler number                                              114 
Approximate search space (synodic periods after J2000)             16 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 44.90 years (km/s)                        0.005993 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       116.0       ******        5.635        8.342        8.342        
 7       144.8        5.499        5.499        8.898        8.898        
13       100.1        5.466        5.466       11.633       11.633        
19       141.3        5.394        5.394        7.196        7.196        
25       118.7        5.995        5.995       11.215       11.215        
31       102.9        5.331        5.331        7.514        7.514        
37       140.4        5.714        5.714        9.216        9.216        
AVERAGE  123.5        5.567        5.576        9.145        9.145        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            12965.276998 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.259850353E+02  0.546869398E+01  0.105058850E+01 -0.864040475E+00 -0.859166001E+01  0.328547306E-05  0.165914557E-04 -0.103576538E-05  
 2 M  0.899708001E+02  0.825538952E+01 -0.100331172E+01 -0.658393589E+00  0.183211531E+03  0.178082526E-08  0.265345212E-07  0.958893977E-09  
 3 E  0.711575670E+03  0.468702057E+01 -0.267647816E+01  0.552950153E-03  0.817618284E+03  0.502781687E-06  0.220402247E-06 -0.307889587E-07  
 4 E  0.141852643E+04  0.232929377E+01  0.466710191E+01  0.134911677E+01  0.167055191E+04 -0.961314639E-06  0.256807438E-05 -0.361381078E-04  
 5 E  0.178378075E+04 -0.423072575E+00  0.245328718E+00  0.534796282E+01  0.181158284E+04 -0.453473449E-06  0.489966632E-06 -0.118757862E-06  
 6 E  0.196912803E+04  0.320365579E+01  0.443153007E+01 -0.573777448E+00  0.208236364E+04  0.165714402E-05 -0.161818619E-05 -0.126516813E-03  
 7 E  0.233440417E+04 -0.301328212E+01  0.447736457E+01  0.105525290E+01  0.235612703E+04 -0.454701221E-06 -0.383351262E-06  0.354245309E-08  
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 8 M  0.247922326E+04 -0.832875820E+01  0.313130476E+01  0.304563498E-01  0.269813274E+04  0.148172836E-09 -0.126447389E-09 -0.206292539E-10  
 9 E  0.304052962E+04 -0.104005318E+01  0.530880243E+01 -0.130138693E-02  0.314603056E+04  0.122468425E-07 -0.920215924E-08 -0.858934190E-10  
10 E  0.374386923E+04 -0.508062798E+01 -0.122833432E+01  0.157386941E+01  0.399222433E+04  0.393704827E-04  0.867667012E-04  0.670966338E-03  
11 E  0.410909731E+04  0.660936453E-01 -0.508074905E+00  0.542508099E+01  0.413591289E+04  0.310205048E-06  0.217142567E-06  0.327078242E-07  
12 E  0.428786783E+04 -0.524050759E+01 -0.609840851E-01 -0.156121528E+01  0.440109546E+04 -0.324551769E-05  0.823328924E-05 -0.383144153E-04  
13 E  0.465311826E+04 -0.150305445E+01 -0.520143351E+01 -0.753742082E+00  0.466813752E+04 -0.410269657E-06  0.765894936E-07  0.218053711E-07  
14 M  0.475324665E+04 -0.104453789E+01 -0.115816790E+02  0.307445378E+00  0.510597403E+04  0.603554067E-09 -0.275360610E-08  0.551864368E-09  
15 E  0.538311697E+04  0.258236425E+01 -0.476305169E+01  0.270736108E+00  0.549999849E+04 -0.103042483E-04  0.132197274E-04  0.379329855E-04  
16 E  0.611362645E+04  0.464601774E+01  0.973907876E+00  0.263236722E+01  0.635104288E+04  0.224300241E-04  0.566038847E-04  0.843764400E-04  
17 E  0.647888250E+04 -0.701507888E-01  0.484993562E+00  0.538735611E+01  0.650685524E+04  0.147048651E-05  0.112050479E-04 -0.455285974E-05  
18 E  0.666536745E+04  0.536645805E+01  0.238822674E+00 -0.436434618E+00  0.677495376E+04 -0.592814211E-05  0.963060566E-05 -0.119935257E-03  
19 E  0.703065516E+04  0.893870765E+00  0.520735190E+01  0.108591907E+01  0.705185236E+04 -0.127044741E-04 -0.117267732E-05  0.312988721E-06  
20 M  0.717196988E+04 -0.201440443E+01  0.687264985E+01 -0.700454674E+00  0.725642185E+04  0.212002826E-08  0.652201541E-09 -0.433877131E-09  
21 E  0.773498302E+04  0.430900886E+01  0.379854950E+01  0.344567141E-03  0.783911745E+04 -0.891222026E-07 -0.865911577E-06  0.690624248E-08  
22 E  0.842921252E+04 -0.384243824E+01  0.420922460E+01  0.929704886E+00  0.867758512E+04 -0.223954371E-04 -0.103690274E-04  0.261661892E-03  
23 E  0.879446634E+04 -0.464001210E+00 -0.325481577E+00  0.576867741E+01  0.882163197E+04 -0.402460080E-05 -0.348378744E-06 -0.691658634E-06  
24 E  0.897557058E+04 -0.260690800E+01  0.461394326E+01 -0.276638299E+01  0.908880053E+04  0.219663791E-04  0.165014410E-04 -0.232140545E-03  
25 E  0.934082850E+04 -0.598698535E+01  0.200675623E+00  0.237007210E+00  0.935863350E+04 -0.330145787E-05 -0.508892923E-07  0.550886465E-07  
26 M  0.945952851E+04 -0.961852021E+01 -0.571413970E+01  0.787268443E+00  0.955035956E+04 -0.171898710E-08  0.234200974E-08  0.359407193E-10  
27 E  0.100650688E+05 -0.313843911E+01 -0.445206562E+01 -0.643315595E+00  0.101819522E+05 -0.103038931E-05 -0.576695655E-05  0.353941142E-04  
28 E  0.107955899E+05  0.272133815E+01 -0.379527598E+01  0.288054482E+01  0.110512611E+05 -0.270604617E-04  0.258026443E-04  0.648356897E-03  
29 E  0.111608345E+05  0.443385745E+00  0.241199337E+00  0.547837709E+01  0.111883962E+05 -0.320911045E-05 -0.191624051E-05  0.688215097E-06  
30 E  0.113445792E+05  0.197699236E+01 -0.438424608E+01 -0.229656002E+01  0.114578053E+05  0.127343839E-04  0.903018213E-06  0.263217307E-03  
31 E  0.117098246E+05  0.510687750E+01  0.147700716E+01 -0.401243189E+00  0.117252568E+05 -0.260612646E-06 -0.441634297E-05  0.790479884E-08  
32 M  0.118127059E+05  0.707214762E+01  0.242501047E+01 -0.753465370E+00  0.119517232E+05 -0.226651960E-08  0.592031644E-09  0.108706104E-09  
33 E  0.124171290E+05  0.531442419E+01 -0.166782725E+01  0.692881014E-03  0.125223265E+05  0.147546564E-05  0.648385190E-06 -0.213166175E-08  
34 E  0.131184456E+05  0.143130556E+01  0.531169911E+01  0.618320287E+00  0.133704837E+05 -0.107431841E-04  0.112683725E-04 -0.161647102E-03  
35 E  0.134837183E+05 -0.479183239E+00  0.173431067E+00  0.551465595E+01  0.135114319E+05  0.377059974E-06  0.532771955E-05 -0.283246793E-06  
36 E  0.136684759E+05  0.234541721E+01  0.498618115E+01 -0.143692785E+01  0.137780569E+05  0.768826908E-04 -0.533325612E-05 -0.290315852E-03  
37 E  0.140337459E+05 -0.351955006E+01  0.439926692E+01  0.954693140E+00  0.140548126E+05 -0.204476577E-05  0.534470854E-05 -0.683185581E-07  
38 M  0.141741910E+05 -0.896994147E+01  0.207913441E+01  0.379885577E+00  0.142609441E+05 -0.967237363E-07 -0.103846047E-07 -0.211890849E-07  
39 E  0.147525445E+05 -0.355590071E+01  0.376609602E+01  0.695433861E-03  0.148595896E+05  0.278569377E-04  0.584386459E-06 -0.112090593E-05  
40 E  0.154661780E+05 -0.355584408E+01 -0.378191174E+01  0.171149441E+00  0.155355721E+05  0.230116695E-04 -0.819041447E-05 -0.107037393E-03  
41 E  0.158314102E+05  0.300775302E+00 -0.347539236E+00  0.516673475E+01  0.158582892E+05  0.157229368E-04  0.233568221E-04  0.126812415E-05  
42 E  0.160106040E+05 -0.415143323E+01 -0.291430614E+01 -0.594315045E+00  0.160763479E+05  0.125758383E-04 -0.140939892E-04  0.173921581E-04  
43 E  0.163758476E+05 
================ PARENT CYCLER 5.225Ggg3      ======================= 
Parent cycler number                                              117 
Approximate search space (synodic periods after J2000)             19 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 44.74 years (km/s)                        0.000000 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       110.4       ******       11.558        9.003        9.003        
 5        98.4        5.567        5.567       11.585       11.585        
 9       144.2        5.302        5.302        7.222        7.222        
13       119.8        5.900        5.900       11.138       11.138        
17       105.7        5.245        5.245        7.560        7.560        
21       142.3        5.560        5.560        9.213        9.213        
25        97.3        5.400        5.400       11.268       11.268        
AVERAGE  116.9        5.496        6.362        9.570        9.570        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            15305.331809 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.370130761E+02 -0.414134615E+01  0.107484435E+02  0.954140000E+00  0.535754035E+02  0.551899089E-10  0.180245150E-09  0.503413647E-11  
 2 M  0.147428592E+03 -0.860047073E+01  0.266046518E+01  0.193795946E-01  0.230437759E+03  0.103766288E-10  0.158063370E-11  0.126333926E-10  
 3 E  0.700823039E+03 -0.807404834E+00  0.545804854E+01 -0.139547925E-02  0.805762723E+03  0.531496349E-09 -0.400875822E-09  0.339615853E-11  
 4 E  0.140042093E+04 -0.554776984E+01 -0.506839539E+00 -0.333658624E-04  0.205930235E+04 -0.335134026E-09 -0.920834868E-10 -0.761319524E-11  
 5 E  0.231553401E+04 -0.168371200E+01 -0.525118637E+01 -0.760817852E+00  0.233030104E+04  0.192283098E-08  0.618153434E-09  0.135729686E-09  
 6 M  0.241398092E+04 -0.944037513E+00 -0.115420394E+02  0.319538820E+00  0.250811917E+04  0.245229697E-10 -0.878194132E-11 -0.279943497E-11  
 7 E  0.304156926E+04  0.212963449E+01 -0.486644011E+01 -0.178486983E+00  0.315114838E+04 -0.715341905E-08  0.101650223E-07  0.538319555E-10  
 8 E  0.377209670E+04  0.530555407E+01  0.428025651E+00 -0.829562409E-03  0.404633446E+04 -0.118018048E-07 -0.122149173E-08 -0.287912544E-10  
 9 E  0.468622258E+04  0.568551208E+00  0.515367307E+01  0.110616018E+01  0.470785266E+04 -0.212455357E-08  0.121366545E-07 -0.518602859E-09  
10 M  0.483042312E+04 -0.192858107E+01  0.692046469E+01 -0.740213295E+00  0.491475142E+04  0.477166199E-11  0.255943616E-11 -0.517767074E-11  
11 E  0.539261178E+04  0.469846950E+01  0.351449639E+01  0.207853140E-03  0.549625269E+04  0.238232582E-09  0.115280113E-08 -0.152096443E-10  
12 E  0.608355118E+04 -0.313243363E+01  0.498165622E+01  0.266289541E-02  0.639513847E+04 -0.437584221E-10  0.168397011E-10 -0.583640522E-11  
13 E  0.699998438E+04 -0.589244150E+01  0.179079212E+00  0.233688180E+00  0.701796069E+04  0.143427628E-09  0.893620191E-10 -0.507547103E-11  
14 M  0.711982647E+04 -0.952597245E+01 -0.572012663E+01  0.774415553E+00  0.720993910E+04 -0.358122657E-11  0.237177724E-10  0.652349829E-12  
15 E  0.772057733E+04 -0.384395482E+01 -0.353592355E+01  0.383121659E+00  0.783014913E+04 -0.525874848E-09 -0.798749102E-09  0.100516874E-10  
16 E  0.845105598E+04  0.223303995E+01 -0.472305305E+01  0.837574478E-01  0.872519816E+04  0.835149971E-09 -0.142614825E-08 -0.835103496E-12  
17 E  0.936486325E+04  0.494437129E+01  0.169749822E+01 -0.424363326E+00  0.938072250E+04 -0.165761519E-08 -0.249700444E-09 -0.110768673E-09  
18 M  0.947059154E+04  0.716466950E+01  0.229303156E+01 -0.747382910E+00  0.956137052E+04 -0.561158032E-11  0.234532312E-10 -0.194032190E-11  
19 E  0.100757847E+05  0.527573780E+01 -0.185062771E+01  0.767935655E-03  0.101808622E+05 -0.321559755E-09 -0.122214730E-09 -0.657822218E-11  
20 E  0.107763011E+05  0.208630405E+01  0.515055901E+01 -0.347758714E-01  0.114992344E+05 -0.107006918E-10  0.106345565E-10 -0.737399568E-11  
21 E  0.116914065E+05 -0.354095058E+01  0.417653440E+01  0.967937581E+00  0.117127576E+05  0.590323699E-10 -0.728000863E-10  0.612423224E-11  
22 M  0.118337473E+05 -0.896022984E+01  0.213854781E+01  0.146352371E+00  0.119181152E+05  0.244865953E-11  0.880260860E-11 -0.202663364E-10  
23 E  0.123961998E+05 -0.176276873E+01  0.508278120E+01 -0.796315047E-03  0.125018174E+05  0.149267375E-10 -0.111801727E-10  0.281887917E-11  
24 E  0.131003174E+05 -0.519372012E+01 -0.155897981E+01 -0.445091950E-04  0.133655216E+05 -0.132336738E-10 -0.531231808E-11 -0.545401389E-11  
25 E  0.140148145E+05 -0.166638251E+00 -0.532008967E+01 -0.909978196E+00  0.140294026E+05 -0.602525663E-10 -0.568763591E-12 -0.579190235E-11  
26 M  0.141120687E+05  0.129043703E+01 -0.111911730E+02  0.230655329E+00  0.142054344E+05 -0.180020290E-10  0.853145387E-12 -0.599046326E-11  
27 E  0.147345066E+05  0.161120902E+01 -0.485885296E+01 -0.645528117E-01  0.148659901E+05 -0.191131021E-11  0.329601808E-11 -0.699185481E-11  
28 E  0.154649702E+05  0.506665110E+01  0.803376736E+00  0.102201698E-02  0.157115752E+05  0.190271262E-10 -0.122680984E-11  0.274991402E-11  
29 E  0.163783218E+05 
================ PARENT CYCLER 5.333gGf3      ======================= 
Parent cycler number                                              122 
Approximate search space (synodic periods after J2000)             13 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 45.30 years (km/s)                        0.145076 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       186.8       12.801       12.801       12.593       12.592        
 6       168.1        8.889        8.889        7.355        7.355        
10       162.6        5.966        5.953       10.443       10.443        
14       113.6        5.876        5.875        9.928        9.928        
18       167.6        5.785        5.785        8.465        8.465        
22       127.9        6.400        6.287       13.003       13.003        
26       147.0        8.481        8.479        8.854        8.854        
AVERAGE  153.4        7.742        7.724       10.092       10.091        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
 220
EPOCH TIME (days after J2000)                            10890.237955 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.131011506E+03 -0.585741365E+01 -0.114158287E+02  0.103359150E-03  0.105291427E+03 -0.145942297E-05 -0.182550855E-04 -0.528403630E-05  
 2 E  0.332327578E+03 -0.126496978E+02  0.173139938E+01 -0.918189485E+00  0.360346663E+03  0.669355530E-05 -0.234615570E-04 -0.312312987E-05  
 3 M  0.519121475E+03 -0.118826778E+02 -0.406101280E+01  0.927750925E+00  0.620768936E+03  0.500065547E-10  0.114856364E-06 -0.236182291E-08  
 4 E  0.119677122E+04 -0.613545124E+01  0.323204078E+01 -0.554261887E+01  0.136113756E+04  0.258348980E-05 -0.416779607E-04 -0.161046902E-03  
 5 E  0.229254685E+04 -0.397431994E+01  0.794279933E+01 -0.101807658E-02  0.254173427E+04 -0.127804502E-04  0.176649782E-04 -0.385295291E-05  
 6 E  0.277175343E+04  0.639832607E+01  0.616318177E+01  0.290051977E+00  0.279696515E+04  0.410308767E-05  0.182256410E-04 -0.477301785E-06  
 7 M  0.293983156E+04  0.521248535E+01  0.512509588E+01 -0.811009742E+00  0.316585426E+04  0.150344961E-06  0.337270692E-07 -0.619855805E-07  
 8 E  0.355070374E+04  0.357696299E+01 -0.794856829E+00 -0.472391231E+01  0.371506861E+04  0.201873531E-04  0.200824810E-03 -0.311630328E-05  
 9 E  0.464646951E+04  0.866926011E+00 -0.591489413E+01  0.605833273E-03  0.495047268E+04 -0.146025178E-02  0.255441808E-03  0.245793119E-04  
10 E  0.513679720E+04 -0.586923721E+01  0.985775727E-01  0.992696798E+00  0.516119138E+04  0.982640652E-05  0.328063582E-03  0.167872165E-04  
11 M  0.529942508E+04 -0.103614000E+02 -0.108714708E+01  0.719457359E+00  0.539033532E+04  0.272300430E-06  0.333338499E-06 -0.883993976E-08  
12 E  0.590549337E+04 -0.304992294E+01  0.168889465E+01 -0.472647276E+01  0.661774413E+04 -0.238874637E-03 -0.111549595E-03 -0.386547202E-04  
13 E  0.700126377E+04  0.101630464E+01  0.577830857E+01 -0.526917257E-03  0.725657940E+04  0.809944594E-05  0.290664540E-04  0.307248968E-05  
14 E  0.749225536E+04  0.539381493E+01 -0.202431998E+01 -0.115312930E+01  0.750929033E+04 -0.230810666E-04  0.138752513E-04 -0.217843354E-05  
15 M  0.760582185E+04  0.749630132E+01 -0.647637060E+01 -0.659825921E+00  0.770345348E+04 -0.327502797E-07 -0.771909082E-08  0.364887649E-08  
16 E  0.825669932E+04  0.151701060E+01 -0.514414518E+01  0.218572827E+01  0.842106176E+04 -0.236833507E-04 -0.244345531E-04 -0.403139820E-03  
17 E  0.935244888E+04 -0.309915962E+01 -0.489511992E+01  0.114947874E-02  0.960772450E+04  0.623045988E-05  0.145505881E-04 -0.207399184E-05  
18 E  0.984336353E+04 -0.361676377E+01  0.422775905E+01  0.158632704E+01  0.986849605E+04 -0.145176755E-04  0.178865363E-06  0.737227068E-06  
19 M  0.100109137E+05 -0.659270984E+01  0.527896911E+01 -0.565856374E+00  0.103040975E+05  0.235621561E-08  0.296520560E-06  0.482067065E-06  
20 E  0.105640908E+05  0.243808487E+01  0.308360426E+01  0.505697568E+01  0.112324953E+05 -0.280920785E-03  0.698764361E-03 -0.163249641E-02  
21 E  0.116598359E+05  0.630937606E+01 -0.110667064E+01  0.119619834E-02  0.119972869E+05 -0.239626694E-05  0.222196103E-04  0.559633527E-05  
22 E  0.121488953E+05 -0.228323015E+01 -0.584711532E+01 -0.348837128E+00  0.121680802E+05 -0.152188922E-03  0.124225454E-03  0.587990890E-05  
23 M  0.122767947E+05 -0.698033875E+01 -0.109570021E+02  0.545801016E+00  0.123748310E+05  0.187608390E-07 -0.200516901E-06 -0.117002315E-07  
24 E  0.129303701E+05 -0.649944445E+01 -0.224293378E+01  0.491435084E+01  0.130947334E+05  0.789781838E-05 -0.106001835E-03 -0.487279407E-03  
25 E  0.140261255E+05 -0.803164730E+01  0.260685379E+01  0.628438816E-03  0.142711763E+05  0.324240137E-04 -0.208217843E-04 -0.579968921E-05  
26 E  0.145066174E+05  0.218439659E+01  0.816560293E+01  0.672343203E+00  0.145286612E+05 -0.199665177E-04 -0.270349774E-04  0.600203762E-06  
27 M  0.146535764E+05  0.436043554E+01  0.769204673E+01 -0.455664431E+00  0.147533640E+05  0.877372738E-06 -0.426576556E-06 -0.354974952E-07  
28 E  0.153188270E+05  0.801138098E+01  0.349378427E+01  0.498037777E+01  0.154831914E+05 -0.212718596E-04  0.708745852E-04 -0.268845240E-03  
29 E  0.164145897E+05 
================ PARENT CYCLER 5.333ggF3      ======================= 
Parent cycler number                                              123 
Approximate search space (synodic periods after J2000)             16 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 44.87 years (km/s)                        0.417988 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 3       190.4        8.875        8.875        3.012        3.012        
 7       158.2        5.265        5.265        7.122        7.122        
11        94.8        6.872        6.872        5.785        5.785        
15       214.6        5.083        5.140        3.599        3.599        
19       107.4        5.700        5.499       10.854       10.854        
23       193.9        9.567        9.567        3.181        3.153        
27       130.6        5.689        5.694       10.111       10.111        
AVERAGE  155.7        6.722        6.702        6.238        6.234        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            12518.073970 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.100943991E+02 -0.880641690E+01  0.128243752E+01  0.107477443E-02  0.277125222E+03  0.778241867E-08  0.113459607E-07 -0.419939164E-08  
 2 E  0.468604970E+03 -0.326758634E-01  0.891446726E+01 -0.177920665E-02  0.689707185E+03 -0.105002859E-06 -0.260701638E-07 -0.806681579E-09  
 3 E  0.128750206E+04  0.696705433E+01  0.539215846E+01  0.107593450E+01  0.131605850E+04 -0.229677273E-06  0.136653614E-06  0.131382817E-07  
 4 M  0.147787828E+04  0.216899749E+01  0.817568029E+00 -0.192307787E+01  0.198069488E+04 -0.210889273E-08 -0.778078513E-09  0.130892095E-10  
 5 E  0.233010979E+04  0.406283607E+01 -0.339045270E+01  0.104416801E-02  0.258163465E+04 -0.158941227E-06  0.137961935E-06 -0.913781593E-08  
 6 E  0.282329579E+04 -0.453209386E+01 -0.271261382E+01 -0.646598070E-01  0.339310838E+04  0.231367803E-05 -0.113942019E-05 -0.162191569E-04  
 7 E  0.355382475E+04 -0.400619072E+01  0.339710323E+01  0.355073541E+00  0.357756014E+04 -0.992702512E-07  0.124332077E-06  0.637476847E-08  
 8 M  0.371206071E+04 -0.697929019E+01 -0.120578349E+01  0.744162530E+00  0.409220055E+04  0.115955685E-08 -0.301147095E-09 -0.479733075E-10  
 9 E  0.466241030E+04 -0.102448308E+01  0.676128708E+01 -0.149483633E-02  0.491084829E+04  0.382033637E-07 -0.764212196E-06 -0.604758803E-07  
10 E  0.514954362E+04  0.676294202E+01  0.113404259E+01 -0.113878032E-02  0.529146244E+04  0.267929383E-07  0.163657719E-06 -0.776825841E-09  
11 E  0.593798154E+04  0.426345797E+01 -0.532954283E+01 -0.804835542E+00  0.595220623E+04 -0.162080033E-05 -0.186266054E-05 -0.145871544E-08  
12 M  0.603281285E+04  0.513634827E+01 -0.254418612E+01 -0.778685257E+00  0.651781167E+04  0.145907470E-07 -0.416957613E-08 -0.139623009E-08  
13 E  0.702260636E+04 -0.374893595E+00 -0.523882548E+01 -0.727659185E-04  0.726915584E+04  0.224301141E-06  0.633115018E-06  0.103877495E-06  
14 E  0.751570532E+04 -0.462344004E+01  0.245890428E+01 -0.277816785E-02  0.780978173E+04  0.304714900E-01  0.449342285E-02 -0.405256750E-04  
15 E  0.825089635E+04  0.242556028E+00  0.502098670E+01  0.107384547E+01  0.828308659E+04  0.618702245E-06 -0.414389556E-05 -0.659986809E-07  
16 M  0.846549794E+04 -0.300277778E+01  0.197907490E+01  0.127619569E+00  0.861545914E+04 -0.230463662E-06  0.200517161E-06  0.173110687E-06  
17 E  0.934762264E+04  0.417838834E+01  0.315219519E+01 -0.203030518E-03  0.960430195E+04  0.489708268E-04  0.375422155E-04 -0.591049065E-05  
18 E  0.984123670E+04  0.142182722E+01 -0.503313345E+01  0.177090112E-02  0.101807850E+05  0.740142747E-01 -0.519470875E-01  0.209532160E-04  
19 E  0.105636799E+05 -0.398975509E+01 -0.374842767E+01 -0.517322281E+00  0.105797876E+05  0.519302752E-04 -0.190991427E-04 -0.707475771E-06  
20 M  0.106710647E+05 -0.558144229E+01 -0.930211273E+01  0.362276993E+00  0.113504985E+05 -0.183464534E-07 -0.946274638E-08  0.168549587E-09  
21 E  0.116851449E+05 -0.959489585E+01  0.356804239E+00 -0.334936229E-03  0.119897249E+05 -0.221529451E-08 -0.402954071E-06  0.131614311E-06  
22 E  0.121610511E+05 -0.133335386E+01  0.952206201E+01 -0.919474336E-03  0.126080048E+05 -0.110525036E-06  0.175855587E-05  0.406637666E-06  
23 E  0.129887431E+05  0.638217317E+01  0.704884494E+01  0.105629756E+01  0.130178252E+05  0.519341498E-05  0.154884851E-04 -0.296679808E-06  
24 M  0.131826239E+05  0.209834819E+01  0.116671599E+01 -0.204443812E+01  0.133178361E+05  0.791853835E-08 -0.139998843E-07  0.818160681E-08  
25 E  0.140277005E+05  0.489489071E+01 -0.296135926E+01  0.524432870E-03  0.142833110E+05 -0.314946885E-05  0.182688195E-05 -0.423212657E-06  
26 E  0.145192592E+05 -0.383232782E+01 -0.392303373E+01  0.160483526E+01  0.150745488E+05 -0.681782414E-03  0.174361214E-02 -0.243499370E-02  
27 E  0.152499034E+05 -0.535829551E+01  0.187748465E+01  0.431742795E+00  0.152694912E+05  0.731391418E-05 -0.289774416E-05 -0.487274710E-06  
28 M  0.153804889E+05 -0.100134058E+02 -0.105949637E+01  0.916204544E+00  0.157401362E+05  0.113956084E-09 -0.946561500E-09 -0.202219741E-09  
29 E  0.163795091E+05 
================ PARENT CYCLER 5.333gGff3     ======================= 
Parent cycler number                                              126 
Approximate search space (synodic periods after J2000)             10 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 45.05 years (km/s)                        0.201402 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       201.0       12.165       12.165        7.589        7.589        
 7       129.1        5.519        5.632       12.383       12.383        
12       161.4        7.162        7.162        6.912        6.912        
17       153.8        5.286        5.356       10.467       10.467        
22       112.9        5.807        5.807        9.864        9.864        
27       170.2        5.684        5.684        8.242        8.242        
32       127.8        5.259        5.259       11.806       11.806        
AVERAGE  150.9        6.698        6.724        9.609        9.609        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             8550.345812 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.945623671E+02 -0.847910586E+01  0.866607796E+01  0.744454486E-03  0.152659238E+03 -0.379862849E-04  0.287283077E-04  0.479314349E-05  
 221
 2 E  0.371893491E+03  0.469203358E+01  0.110998054E+02 -0.166450206E+01  0.450294679E+03  0.119437250E-04 -0.461883983E-04  0.186976041E-05  
 3 M  0.572922177E+03 -0.109914410E+01  0.749900883E+01 -0.391605728E+00  0.668450261E+03 -0.183008941E-06 -0.118977108E-06  0.518870410E-07  
 4 E  0.120977607E+04  0.439791245E+01 -0.571476040E+00  0.333193311E+01  0.137779633E+04  0.788566996E-04 -0.119172157E-03 -0.122950423E-04  
 5 E  0.157503752E+04  0.183761617E+01 -0.517926899E+01  0.627967718E+00  0.189644760E+04  0.975676476E-05 -0.163563037E-04 -0.511575077E-03  
 6 E  0.230551498E+04  0.534440879E+01 -0.142821997E+01  0.162675923E-03  0.253202296E+04  0.169803580E-05  0.176900611E-05  0.696953192E-06  
 7 E  0.279792363E+04 -0.315247702E+01 -0.466169138E+01 -0.214414204E+00  0.281728710E+04 -0.166340049E-04  0.291950953E-05 -0.855140837E-06  
 8 M  0.292701340E+04 -0.754538959E+01 -0.979586936E+01  0.660097862E+00  0.302294746E+04 -0.123948004E-07  0.416627482E-07 -0.610545298E-09  
 9 E  0.356657378E+04 -0.641530559E+01  0.274874570E+01 -0.153735360E+01  0.369075796E+04 -0.662799675E-05 -0.207267281E-04  0.341854410E-03  
10 E  0.393182136E+04 -0.189283952E+01  0.619336779E+01 -0.299586903E+01  0.450163641E+04  0.568457835E-04  0.150611690E-03 -0.136573378E-02  
11 E  0.466235348E+04 -0.606879113E+01  0.378064088E+01  0.214621316E-03  0.491492566E+04 -0.123226846E-05  0.631652489E-06 -0.209712082E-06  
12 E  0.514806920E+04  0.308523580E+01  0.642793497E+01  0.680350698E+00  0.517227274E+04 -0.193972088E-05  0.613838691E-06  0.451940458E-07  
13 M  0.530942609E+04  0.338421174E+01  0.597840845E+01 -0.763820491E+00  0.546686197E+04  0.619884526E-08  0.567163282E-08  0.293810866E-08  
14 E  0.591494871E+04 -0.395555272E+01  0.303487742E+01 -0.183166356E+01  0.616696725E+04 -0.224571427E-04 -0.250656796E-04 -0.457764105E-03  
15 E  0.628019297E+04 -0.449420944E+01 -0.281083442E+01 -0.601533936E-03  0.655950029E+04 -0.169765358E-05 -0.362135115E-06  0.979098936E-07  
16 E  0.699636560E+04  0.172319960E+01 -0.501485368E+01 -0.438169384E-03  0.725276963E+04 -0.161136877E-05  0.393118436E-05  0.210375225E-06  
17 E  0.748945027E+04 -0.528481532E+01  0.338938104E+00  0.804502770E+00  0.751251493E+04 -0.105914128E-05 -0.466623615E-05 -0.249264634E-06  
18 M  0.764321469E+04 -0.103466098E+02 -0.140579730E+01  0.724976010E+00  0.773373464E+04  0.735516809E-08  0.777299439E-08 -0.272639783E-09  
19 E  0.824668103E+04 -0.213353794E-01  0.579262101E+01  0.323554514E+00  0.835991544E+04  0.112018598E-05 -0.217538030E-06  0.142784532E-03  
20 E  0.861195332E+04  0.481858662E+01  0.325011363E+01  0.816965459E-01  0.893336421E+04  0.348130169E-05  0.141719016E-05 -0.160408424E-04  
21 E  0.934243261E+04  0.872647076E+00  0.573080379E+01 -0.212208327E-03  0.959788551E+04  0.100258569E-06  0.527323635E-06  0.547550107E-07  
22 E  0.983368819E+04  0.533349243E+01 -0.198935810E+01 -0.114583173E+01  0.985062759E+04 -0.500594173E-06  0.492841026E-07 -0.372988663E-07  
23 M  0.994661748E+04  0.751398447E+01 -0.635704859E+01 -0.645501377E+00  0.100439955E+05 -0.121965979E-08 -0.333576540E-09  0.103365368E-09  
24 E  0.105958043E+05 -0.231085178E+01 -0.518307448E+01 -0.458284992E+00  0.107126824E+05  0.181848114E-05 -0.124722961E-05  0.188728903E-03  
25 E  0.109610482E+05 -0.564903512E+01 -0.415753003E+00 -0.406057248E+00  0.112824757E+05 -0.429309338E-05  0.136101372E-05 -0.222832300E-03  
26 E  0.116915653E+05 -0.310057045E+01 -0.477381044E+01  0.130122059E-02  0.119470487E+05  0.754235315E-07  0.139714805E-06 -0.150336108E-07  
27 E  0.121828795E+05 -0.350251072E+01  0.417449326E+01  0.161677072E+01  0.122220244E+05 -0.178477013E-06  0.202003764E-07  0.851780602E-08  
28 M  0.123530746E+05 -0.659769997E+01  0.493864705E+01 -0.611962080E-01  0.126223232E+05 -0.192123050E-10  0.350169887E-10  0.251369947E-10  
29 E  0.129259439E+05 -0.170337258E+00 -0.611767323E+00  0.519539649E+01  0.131779753E+05 -0.798198438E-03 -0.315100230E-03 -0.164183993E-03  
30 E  0.132912068E+05  0.835679304E+00 -0.516702385E+01  0.192684382E-02  0.134625583E+05 -0.101678631E-06 -0.881937886E-07  0.777226196E-08  
31 E  0.140051711E+05  0.525440647E+01 -0.316564001E+00  0.632004575E-03  0.142568168E+05  0.491216710E-06 -0.606977370E-07 -0.354937211E-07  
32 E  0.144985939E+05 -0.218898962E+01 -0.476203955E+01 -0.437545262E+00  0.145177664E+05  0.171004326E-06  0.406846193E-06  0.370770571E-07  
33 M  0.146264106E+05 -0.514007008E+01 -0.106113223E+02  0.607371119E+00  0.147197676E+05 -0.858105534E-11  0.642008437E-11 -0.955603436E-12  
34 E  0.152487907E+05 -0.451759803E+01  0.234104960E+01 -0.148693494E+01  0.153620205E+05 -0.213119294E-05 -0.637152087E-05  0.940017315E-04  
35 E  0.156140481E+05  0.558575820E+00  0.529132993E+01 -0.463274831E-03  0.159047893E+05 -0.367661401E-06  0.661380532E-06 -0.428889228E-07  
36 E  0.163595383E+05 
================ PARENT CYCLER 5.333gGff3     ======================= 
Parent cycler number                                              127 
Approximate search space (synodic periods after J2000)             13 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 45.23 years (km/s)                        0.089069 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       178.5       11.156       11.156       12.777       12.777        
 7       158.5        8.793        8.793        7.925        7.925        
12       179.0        7.745        7.745       10.364       10.364        
17       116.1        6.023        6.023       10.004       10.004        
22       168.1        5.828        5.828        8.460        8.460        
27       128.1        6.339        6.310       13.014       13.014        
32       146.9        8.494        8.484        8.859        8.859        
AVERAGE  153.6        7.768        7.763       10.200       10.200        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            10890.237955 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.107248984E+03 -0.465928833E+00 -0.111736290E+02 -0.348626553E-03  0.104244435E+03 -0.369162657E-05 -0.659967564E-06  0.151314210E-07  
 2 E  0.362736393E+03 -0.105731072E+02 -0.290800274E+01 -0.204912760E+01  0.389514320E+03  0.127013677E-04 -0.573342659E-05  0.535061532E-06  
 3 M  0.541255905E+03 -0.111286825E+02 -0.621572646E+01  0.877032941E+00  0.641372176E+03 -0.212749675E-07  0.490031764E-07 -0.586808582E-10  
 4 E  0.120869771E+04 -0.542300988E+01 -0.138265219E+01  0.674672321E+01  0.147168228E+04  0.724277494E-04  0.333697497E-03  0.290739361E-04  
 5 E  0.193921041E+04 -0.523644185E+01  0.507333502E+01  0.486868854E+01  0.206339976E+04  0.274383071E-04  0.223542725E-04  0.276686157E-03  
 6 E  0.230447318E+04 -0.545604801E+01  0.683899103E+01  0.223134783E-03  0.255382808E+04  0.423171653E-05 -0.531730746E-05  0.113255805E-05  
 7 E  0.278400182E+04  0.544640246E+01  0.689946452E+01  0.241942764E+00  0.280936874E+04 -0.517900047E-05 -0.263798460E-05  0.298634454E-06  
 8 M  0.294254506E+04  0.564038090E+01  0.550079360E+01 -0.855231468E+00  0.324238017E+04  0.385618904E-08  0.981453493E-08  0.260080160E-09  
 9 E  0.353045704E+04  0.445192267E+01  0.187172851E+01 -0.606949088E+01  0.401259583E+04  0.165297475E-04  0.309558771E-04 -0.158162157E-05  
10 E  0.426097036E+04 -0.788773133E+00 -0.381541552E+01 -0.670775149E+01  0.443629130E+04  0.405050580E-03  0.407316487E-03 -0.113431875E-03  
11 E  0.462622232E+04 -0.175121776E+01 -0.756550976E+01 -0.357959697E-03  0.488236715E+04  0.295825584E-06  0.275964577E-05 -0.195815083E-06  
12 E  0.510951446E+04 -0.740928138E+01  0.832344924E+00  0.209769752E+01  0.513636103E+04  0.212199438E-05  0.119095629E-04  0.718611182E-06  
13 M  0.528849159E+04 -0.103387887E+02 -0.203404799E+00  0.699170925E+00  0.538045118E+04  0.151112368E-07  0.183265351E-07 -0.417844978E-09  
14 E  0.590155551E+04 -0.485788832E+01  0.341416813E+01 -0.111934717E+01  0.606957455E+04 -0.107041436E-05  0.393030423E-06  0.355753973E-04  
15 E  0.663207307E+04  0.562444126E+00  0.578340651E+01  0.161997888E+01  0.674529998E+04 -0.217729788E-04  0.142884681E-05 -0.393589163E-03  
16 E  0.699732117E+04  0.145541647E+01  0.583830016E+01 -0.137267690E-02  0.724254533E+04 -0.608356518E-06 -0.135969407E-05 -0.110252290E-06  
17 E  0.748776949E+04  0.551209333E+01 -0.212369474E+01 -0.117614005E+01  0.750518807E+04  0.232384701E-07 -0.140067924E-05  0.576150483E-07  
18 M  0.760389334E+04  0.741688419E+01 -0.668116011E+01 -0.653885614E+00  0.770170968E+04 -0.238401310E-08 -0.882818643E-08 -0.290660335E-09  
19 E  0.825600226E+04  0.382577550E+01 -0.436823437E+01  0.573299184E+00  0.842401665E+04  0.336909897E-04  0.797480145E-05 -0.163408820E-03  
20 E  0.898649961E+04 -0.236660337E+01 -0.526500708E+01 -0.737148288E+00  0.910337931E+04 -0.119884255E-04 -0.199942957E-05  0.143420768E-03  
21 E  0.935174867E+04 -0.318513749E+01 -0.488971853E+01  0.131111669E-02  0.960693941E+04 -0.699884233E-05 -0.135063679E-04  0.152489546E-05  
22 E  0.984250010E+04 -0.365590424E+01  0.424445227E+01  0.160745840E+01  0.987780925E+04  0.826851568E-05 -0.304334748E-05 -0.432364604E-06  
23 M  0.100106389E+05 -0.657916923E+01  0.528858830E+01 -0.562760034E+00  0.102541677E+05 -0.623133952E-05  0.790355308E-06  0.129899970E-05  
24 E  0.105641135E+05  0.343937603E+01  0.517254939E+01  0.152330876E+01  0.107903703E+05  0.418905701E-02 -0.136256753E-01 -0.116846902E-01  
25 E  0.112939740E+05  0.566016417E+01 -0.247770812E+00 -0.286449274E+01  0.114035454E+05  0.709851665E-04 -0.862459617E-04  0.746241765E-03  
26 E  0.116592120E+05  0.623971873E+01 -0.115692339E+01  0.114104770E-02  0.119283224E+05 -0.384937631E-04 -0.253376967E-04  0.236778937E-04  
27 E  0.121485037E+05 -0.229017384E+01 -0.586985268E+01 -0.347715569E+00  0.121677203E+05  0.158519990E-03 -0.153570016E-03 -0.801965293E-05  
28 M  0.122766143E+05 -0.700683024E+01 -0.109530559E+02  0.546684393E+00  0.123746814E+05 -0.122927975E-05  0.827862755E-06  0.411454920E-07  
29 E  0.129303948E+05 -0.695518906E+01 -0.420940541E+01  0.239933918E+01  0.131276313E+05  0.125259517E-04 -0.500368933E-05  0.903216133E-04  
30 E  0.136609004E+05 -0.796148833E+01  0.130773008E+01 -0.258837117E+01  0.137741288E+05  0.195969613E-04 -0.130524224E-03  0.222963579E-03  
31 E  0.140261532E+05 -0.804397794E+01  0.260868915E+01  0.632356131E-03  0.142711794E+05  0.263450500E-04 -0.178294159E-04 -0.500053847E-05  
32 E  0.145065967E+05  0.218682393E+01  0.816950829E+01  0.671361204E+00  0.145286348E+05  0.234862890E-04  0.308769167E-04 -0.385673281E-06  
33 M  0.146535179E+05  0.436788037E+01  0.769348465E+01 -0.455816638E+00  0.147533174E+05  0.319903471E-05 -0.911490556E-06 -0.129798489E-06  
34 E  0.153188478E+05  0.837217796E+01  0.559117137E+01 -0.173655482E+00  0.154284252E+05  0.208019730E-04 -0.753589043E-04  0.902820460E-05  
35 E  0.160493642E+05  0.990376434E+01  0.259440259E+00 -0.174221168E+01  0.161370239E+05  0.238594434E-04 -0.123692626E-03  0.167090512E-03  
36 E  0.164146130E+05 
================ PARENT CYCLER 5.333ggFf3     ======================= 
Parent cycler number                                              128 
Approximate search space (synodic periods after J2000)             12 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 44.99 years (km/s)                        0.002351 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 3       138.8        5.557        5.557       11.700       11.700        
 8        77.0        8.010        8.010        8.020        8.020        
13       137.0        5.996        5.996        9.230        9.230        
 222
18        89.6        6.351        6.351       12.744       12.744        
23       120.2        8.060        8.060        7.139        7.139        
28       125.8        5.393        5.393       11.219       11.219        
33       120.5        5.583        5.583        7.685        7.685        
AVERAGE  115.6        6.421        6.421        9.677        9.677        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             9383.726209 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.550696517E+02  0.981908015E+00 -0.550182275E+01  0.118184488E-02  0.200685555E+03 -0.890703787E-05  0.347860228E-04  0.130189968E-05  
 2 E  0.436767285E+03 -0.556402390E+01  0.408827368E+00  0.449281304E-03  0.550946336E+03 -0.141641174E-04 -0.149642694E-04  0.569371360E-06  
 3 E  0.119796096E+04 -0.543802490E+01 -0.101325280E+01  0.529421414E+00  0.121878442E+04 -0.250526745E-04  0.215344150E-04 -0.552750752E-07  
 4 M  0.133678400E+04 -0.111397713E+02 -0.346667556E+01  0.885748342E+00  0.143112922E+04  0.146607159E-06  0.251399584E-06 -0.306933381E-08  
 5 E  0.196575210E+04 -0.383999007E+01  0.685063372E+01 -0.142021050E+01  0.208993382E+04 -0.318194533E-05  0.321018471E-05  0.205540130E-03  
 6 E  0.233099246E+04 -0.279803294E+01  0.745966313E+01 -0.335937491E-03  0.257235822E+04  0.747843520E-07 -0.591798768E-06 -0.101589256E-06  
 7 E  0.281372398E+04  0.708138057E+01  0.372728440E+01 -0.142361896E-02  0.293472487E+04 -0.129110279E-05 -0.149322673E-05  0.113910177E-07  
 8 E  0.362039655E+04  0.768254714E+01 -0.217044853E+01 -0.655003303E+00  0.363194399E+04 -0.139129457E-05 -0.829165464E-06  0.128951523E-06  
 9 M  0.369737952E+04  0.788478513E+01  0.111168588E+01 -0.959029235E+00  0.379317306E+04  0.904157033E-08  0.132232773E-07  0.154639655E-08  
10 E  0.433600312E+04  0.269525023E+01 -0.537569164E+01  0.514146836E+00  0.439079318E+04 -0.245301843E-06 -0.132012721E-06 -0.702397361E-08  
11 E  0.470127020E+04  0.180084107E+01 -0.574561226E+01  0.110957237E-02  0.495617499E+04  0.449769123E-06 -0.946909160E-06  0.128353108E-06  
12 E  0.519147171E+04 -0.588226058E+01 -0.118330014E+01  0.354229049E+00  0.530104423E+04  0.114721173E-05  0.243767697E-06 -0.105133751E-07  
13 E  0.592195519E+04 -0.305638940E+01  0.505413313E+01  0.103202959E+01  0.594250946E+04  0.312934727E-06 -0.123257698E-05 -0.784487346E-07  
14 M  0.605898369E+04 -0.856219259E+01  0.340933762E+01  0.501378846E+00  0.617838819E+04  0.977661625E-10 -0.319254940E-09 -0.264577373E-10  
15 E  0.665600619E+04  0.287464164E+01  0.555517811E+01  0.905155583E+00  0.677288440E+04  0.130093365E-05 -0.355496685E-06  0.252080067E-04  
16 E  0.702125060E+04  0.371112978E+01  0.512522896E+01  0.318650331E-03  0.728062762E+04 -0.253244667E-07 -0.531267653E-07 -0.598997342E-08  
17 E  0.751064120E+04  0.489571550E+01 -0.384422076E+01  0.116808317E+01  0.804391810E+04 -0.118504114E-04 -0.194981039E-04  0.638260319E-04  
18 E  0.824115749E+04 -0.187949743E+01 -0.602017295E+01 -0.746536672E+00  0.825460031E+04 -0.385384669E-07 -0.904969803E-07 -0.239571130E-08  
19 M  0.833077626E+04 -0.194641876E+01 -0.125944393E+02  0.103919650E+00  0.842902036E+04  0.629277392E-10 -0.140198572E-10  0.212991838E-11  
20 E  0.898573692E+04 -0.739573632E+01 -0.243641142E+01 -0.226066101E+01  0.911357168E+04 -0.104443503E-06  0.269812080E-06 -0.336168101E-05  
21 E  0.935097907E+04 -0.801363365E+01 -0.133876021E+01  0.216175212E-03  0.960628669E+04  0.353102987E-09  0.122833095E-09  0.755649492E-10  
22 E  0.983269156E+04 -0.212440116E+01  0.783934640E+01 -0.203052878E-02  0.101478579E+05 -0.181589350E-08 -0.307972754E-08 -0.324111494E-09  
23 E  0.106408104E+05  0.343040348E+01  0.722032437E+01  0.103283254E+01  0.106588447E+05  0.434728036E-07  0.155609552E-07 -0.234608761E-08  
24 M  0.107610388E+05 -0.242684438E+01  0.668999711E+01 -0.569247612E+00  0.108456489E+05 -0.128943997E-09 -0.222049274E-10  0.761661665E-11  
25 E  0.113251061E+05  0.642935595E+00 -0.620164391E+00  0.532990325E+01  0.115369524E+05 -0.134043035E-02  0.272213885E-03  0.152681977E-03  
26 E  0.116903583E+05  0.494828680E+01 -0.216504074E+01 -0.177720706E-03  0.119170794E+05 -0.956572996E-07  0.210452595E-06 -0.842327176E-07  
27 E  0.121832301E+05 -0.340991470E+01 -0.415115262E+01  0.396910542E+00  0.122928044E+05 -0.740406376E-06 -0.129103850E-05  0.143362853E-07  
28 E  0.129137256E+05 -0.537274631E+01 -0.391460078E+00  0.254886064E+00  0.129325935E+05  0.121153652E-06  0.791480177E-06  0.504498990E-07  
29 M  0.130395119E+05 -0.969528868E+01 -0.558900750E+01  0.789178609E+00  0.131305377E+05 -0.532187463E-09  0.751607859E-09  0.115281387E-10  
30 E  0.136463505E+05 -0.215811473E+01  0.486094451E+01 -0.152722991E+01  0.137595811E+05  0.130158547E-04  0.105265818E-04 -0.154435874E-03  
31 E  0.140116103E+05 -0.146096980E+01  0.535221527E+01  0.454372014E-03  0.142626146E+05  0.384993868E-07 -0.876163408E-06 -0.277086466E-08  
32 E  0.145037756E+05  0.555992465E+01 -0.151858439E+00  0.140287655E-02  0.146174343E+05  0.174688501E-05  0.580796866E-06 -0.201885799E-07  
33 E  0.152614997E+05  0.496867774E+01  0.248284123E+01 -0.559447237E+00  0.152795774E+05 -0.390196671E-06 -0.477333131E-06 -0.288523830E-07  
34 M  0.153820172E+05  0.746063328E+01  0.163429062E+01 -0.854677097E+00  0.156091213E+05 -0.108405679E-09 -0.404446302E-10  0.388275704E-10  
35 E  0.160128617E+05  0.112499167E+01 -0.417113948E+01 -0.296013173E+01  0.160676486E+05 -0.214788075E-05 -0.817489938E-06  0.227958877E-06  
36 E  0.163781074E+05 
================ PARENT CYCLER 5.333gfGf3     ======================= 
Parent cycler number                                              129 
Approximate search space (synodic periods after J2000)             15 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 44.91 years (km/s)                        0.004897 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 3       131.2        6.765        6.765        8.801        8.801        
 8       162.7        5.419        5.419        8.968        8.968        
13        98.3        5.677        5.677       12.214       12.214        
18       174.0        6.874        6.874        7.067        7.067        
23       127.9        5.323        5.323       11.466       11.466        
28       131.5        6.408        6.408        7.929        7.929        
33       155.0        5.273        5.273        9.385        9.385        
AVERAGE  140.1        5.963        5.963        9.404        9.404        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            11719.652253 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.291476088E+02  0.294579873E+00  0.674428933E+01  0.407052128E-03  0.224376464E+03  0.309509878E-05  0.427077799E-04  0.419085118E-05  
 2 E  0.458398685E+03  0.640148187E+01 -0.454147107E+00  0.213505317E+01  0.567976432E+03 -0.112569287E-03  0.198540843E-04  0.895734350E-04  
 3 E  0.118891699E+04  0.665406695E+01  0.383930552E+00 -0.115693139E+01  0.120859368E+04  0.462183053E-04  0.290042741E-04 -0.219558872E-05  
 4 M  0.132009492E+04  0.842243653E+01 -0.242347684E+01 -0.806383809E+00  0.144306631E+04 -0.100590292E-06 -0.474632556E-07  0.985917807E-08  
 5 E  0.196731272E+04 -0.448484259E+00 -0.458362603E+01 -0.293202532E+01  0.206958397E+04 -0.678756371E-04 -0.166129951E-04 -0.131750778E-03  
 6 E  0.233256719E+04 -0.129117507E+01 -0.528634184E+01 -0.105448646E-03  0.258856391E+04 -0.397562643E-05 -0.123638532E-04  0.142856939E-05  
 7 E  0.282486857E+04 -0.460683799E+01  0.287959451E+01 -0.119297599E+00  0.294174452E+04  0.197365505E-04 -0.648308759E-05  0.184333035E-03  
 8 E  0.355534327E+04 -0.407617809E+01  0.331017250E+01  0.133996569E+01  0.357974749E+04 -0.759711645E-05 -0.188797173E-04 -0.659512106E-06  
 9 M  0.371803809E+04 -0.821769113E+01  0.356980172E+01  0.377845112E+00  0.387774472E+04  0.289295979E-08 -0.562220165E-08 -0.195699575E-09  
10 E  0.430954414E+04  0.340742355E+01  0.451901768E+01 -0.202747617E+00  0.442277838E+04 -0.628652224E-05  0.627880505E-06 -0.160138734E-03  
11 E  0.467481589E+04  0.407987364E+01  0.394246534E+01 -0.302904672E-03  0.491585017E+04 -0.143788318E-05 -0.627150372E-06  0.309439204E-06  
12 E  0.516672259E+04  0.316475929E+01 -0.471844768E+01  0.882189860E-02  0.527629525E+04  0.326063052E-05 -0.405355677E-05  0.132525548E-08  
13 E  0.589720699E+04 -0.133221327E+01 -0.546987664E+01 -0.733384436E+00  0.591195322E+04 -0.270410272E-05  0.210986513E-05 -0.210723281E-06  
14 M  0.599551519E+04 -0.163789245E+01 -0.121022235E+02  0.187579633E+00  0.609249127E+04  0.235742588E-09 -0.343066955E-09  0.902587725E-10  
15 E  0.664202239E+04 -0.650798319E+01 -0.138893370E+01  0.175574443E+01  0.676255881E+04 -0.335055817E-04  0.540743749E-04  0.272788899E-03  
16 E  0.700728426E+04 -0.687809369E+01 -0.363816730E+00 -0.107722503E-02  0.723109455E+04  0.179361507E-06 -0.168689074E-06 -0.378775315E-07  
17 E  0.749382837E+04 -0.745313619E-01  0.663313811E+01 -0.185133923E+01  0.804168591E+04  0.365203328E-05 -0.146617584E-04 -0.468857701E-03  
18 E  0.822430509E+04 -0.449790114E+00  0.660684084E+01  0.184505639E+01  0.825041132E+04 -0.152778932E-05 -0.603539563E-06  0.911214682E-08  
19 M  0.839834661E+04 -0.988404541E+00  0.697414757E+01 -0.576120081E+00  0.850379094E+04  0.120369555E-09  0.480782147E-09 -0.263390244E-09  
20 E  0.898414842E+04  0.174835061E+00 -0.552063429E+00  0.529156287E+01  0.913755249E+04 -0.526303009E-03  0.878183694E-03 -0.234146311E-04  
21 E  0.934939620E+04  0.467347984E+01 -0.254352395E+01 -0.100299475E-02  0.960586173E+04 -0.280777008E-05  0.120440314E-05  0.102478383E-07  
22 E  0.984259915E+04 -0.383214973E+01 -0.365001304E+01 -0.391012526E+00  0.995218005E+04 -0.477096647E-06 -0.677648427E-06  0.119767751E-08  
23 E  0.105731385E+05 -0.525422800E+01 -0.807117978E+00  0.283126971E+00  0.105923281E+05 -0.266475779E-05 -0.414410187E-06  0.178755679E-07  
24 M  0.107010687E+05 -0.100614199E+02 -0.543832822E+01  0.819543641E+00  0.107936656E+05  0.774705613E-09 -0.120303255E-08 -0.146333719E-10  
25 E  0.113183813E+05 -0.325871692E+01  0.539654488E+01  0.908271802E+00  0.113841242E+05  0.707901518E-08  0.532914290E-08  0.797893228E-08  
26 E  0.116836197E+05 -0.244471340E+01  0.589108852E+01 -0.102219337E-02  0.119427451E+05  0.846570215E-07 -0.152622511E-06 -0.327716067E-07  
27 E  0.121725356E+05  0.598299064E+01  0.203373780E+01 -0.961144455E+00  0.127277302E+05  0.236965239E-05  0.297733178E-05  0.214887206E-03  
28 E  0.129030548E+05  0.585001465E+01  0.249953405E+01 -0.766054650E+00  0.129227871E+05  0.160724794E-06 -0.367075488E-06  0.103195483E-07  
29 M  0.130346034E+05  0.784530440E+01  0.783574930E+00 -0.839486128E+00  0.131299154E+05 -0.428713824E-09 -0.371372864E-09  0.269716034E-10  
30 E  0.136700170E+05  0.748369191E+00 -0.467224560E+01 -0.231533601E+01  0.137832506E+05 -0.703157089E-04 -0.130610551E-04 -0.874671756E-03  
31 E  0.140352867E+05  0.344362747E-01 -0.527235584E+01  0.556943678E-03  0.144001570E+05 -0.213177452E-06 -0.592743947E-06 -0.707392911E-08  
32 E  0.145283547E+05 -0.489329938E+01  0.195100142E+01  0.212770505E+00  0.150762183E+05  0.312533636E-06 -0.272500195E-05 -0.607995659E-05  
33 E  0.152588396E+05 -0.419261553E+01  0.299012593E+01  0.113434167E+01  0.152820892E+05  0.119122918E-06  0.676115603E-07 -0.814987591E-08  
34 M  0.154138372E+05 -0.900995635E+01  0.257481543E+01  0.516927971E+00  0.155032248E+05  0.362347049E-09  0.716255233E-09 -0.267818261E-10  
35 E  0.160097545E+05  0.215589215E+01  0.427483517E+01 -0.348495247E+01  0.161156755E+05  0.272511059E-04  0.865315714E-05  0.160918306E-03  
36 E  0.163749993E+05 
================ PARENT CYCLER 5.333gFgf3     ======================= 
Parent cycler number                                              130 
 223
Approximate search space (synodic periods after J2000)             21 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 45.09 years (km/s)                        0.498304 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       156.8        8.041        8.044       12.146       12.146        
 7       165.3        5.983        5.983        7.088        7.088        
12       145.2        5.266        5.270       11.190       11.190        
17       119.7        5.594        5.594        7.733        7.733        
22       163.8        5.481        5.502        9.262        9.262        
27       128.8        6.032        6.030       11.713       11.713        
32       165.4        5.689        5.689        7.274        7.274        
AVERAGE  149.3        6.012        6.016        9.487        9.487        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            17129.190330 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.792246096E+02  0.678990554E+01 -0.436503404E+01  0.865019182E-03  0.171728128E+03 -0.551454804E-03  0.253084202E-03  0.914232698E-04  
 2 E  0.403376809E+03 -0.249291153E+01 -0.756937593E+01 -0.109077869E+01  0.426901402E+03 -0.532816907E-03  0.721814053E-03 -0.256701945E-04  
 3 M  0.560207430E+03 -0.437398715E+01 -0.113201662E+02  0.499142238E+00  0.657065263E+03 -0.119621866E-05  0.313872649E-05 -0.450751667E-07  
 4 E  0.120592632E+04  0.262752316E+01 -0.533109960E+01  0.171975644E-02  0.132146040E+04  0.153287309E-03 -0.101537017E-03 -0.106686459E-05  
 5 E  0.197615351E+04 -0.360101702E+01 -0.151769201E+01  0.450798594E+01  0.210764704E+04 -0.822627265E-04  0.117564911E-03  0.931183866E-04  
 6 E  0.234141330E+04 -0.572251422E+01 -0.174058839E+01  0.573764373E-03  0.259626789E+04  0.196103929E-04  0.374054411E-05  0.262108261E-05  
 7 E  0.283151829E+04 -0.612670579E+00  0.577467641E+01  0.144008437E+01  0.285630974E+04  0.402971726E-04  0.236623962E-04 -0.700329841E-06  
 8 M  0.299679466E+04 -0.142349528E+01  0.691892913E+01 -0.584737293E+00  0.335545170E+04 -0.823808586E-05  0.403958910E-05  0.422315110E-05  
 9 E  0.357527376E+04  0.281152002E+01  0.447929975E+01  0.923132326E+00  0.412896996E+04 -0.804772639E-02 -0.609950131E-02  0.197111143E+00  
10 E  0.428514069E+04 -0.112120354E+00 -0.519203459E+00  0.529423562E+01  0.453716877E+04 -0.244434323E-03  0.202260488E-03  0.107773541E-03  
11 E  0.465039878E+04  0.353247298E+01 -0.392847713E+01 -0.250946335E-03  0.491181490E+04 -0.402188376E-03  0.337606929E-03  0.570368579E-04  
12 E  0.514363674E+04 -0.495438720E+01 -0.176085269E+01  0.353550645E+00  0.516541552E+04  0.651751807E-03 -0.120193638E-02 -0.718203896E-04  
13 M  0.528882865E+04 -0.989878822E+01 -0.515785755E+01  0.789443534E+00  0.538023610E+04  0.629272769E-06 -0.385327016E-06 -0.642170147E-07  
14 E  0.589821163E+04 -0.328456752E+01 -0.450807930E+01 -0.618270059E-03  0.601242045E+04  0.238840592E-04 -0.170143708E-03 -0.213746657E-06  
15 E  0.665960378E+04 -0.443142145E+01  0.341596599E+01  0.192866017E+00  0.671439348E+04  0.136434862E-04  0.882957856E-04 -0.818826397E-05  
16 E  0.702486846E+04 -0.383532333E+01  0.405375111E+01  0.455099650E-03  0.730027908E+04 -0.137491673E-03  0.389075958E-04  0.287046105E-04  
17 E  0.751667314E+04  0.497853103E+01  0.248799876E+01 -0.559236585E+00  0.753463173E+04 -0.822382344E-04 -0.163608311E-03 -0.628093113E-05  
18 M  0.763639711E+04  0.753048980E+01  0.159537569E+01 -0.741360493E+00  0.777134784E+04  0.165148354E-05  0.370088460E-06  0.945621877E-06  
19 E  0.824980951E+04  0.523229434E+01 -0.165319094E+01  0.185172918E-01  0.868120852E+04  0.363205002E-02  0.990374006E-03 -0.129197359E-04  
20 E  0.898099428E+04 -0.472510278E-01 -0.548253600E+01  0.266257945E+00  0.903578064E+04 -0.989106459E-04 -0.444805611E-05 -0.823184647E-05  
21 E  0.934623667E+04 -0.889393464E+00 -0.542347876E+01  0.102376105E-02  0.960707409E+04 -0.688481344E-05  0.129644704E-03 -0.480523676E-04  
22 E  0.983838275E+04 -0.460889195E+01  0.270764616E+01  0.130158928E+01  0.986295588E+04 -0.287703292E-03 -0.681923112E-03  0.258876506E-04  
23 M  0.100022036E+05 -0.885012445E+01  0.273049496E+01 -0.107124382E+00  0.102194491E+05  0.700925816E-06  0.247875525E-05  0.238382852E-05  
24 E  0.105592433E+05  0.696186288E+00  0.601166273E+01 -0.449211536E-01  0.110414504E+05 -0.830371552E-03  0.499512852E-03  0.251335147E-04  
25 E  0.112898602E+05  0.551323732E+01  0.242801855E+01 -0.537779322E+00  0.113446492E+05  0.390661661E-03 -0.693741324E-03  0.126617656E-03  
26 E  0.116551204E+05  0.582447734E+01  0.156858427E+01  0.801959374E-03  0.119052700E+05  0.586318804E-03  0.602939892E-04 -0.217785203E-04  
27 E  0.121456098E+05  0.121329420E+01 -0.583466436E+01 -0.922308031E+00  0.121649223E+05  0.958125360E-03  0.437699219E-03  0.242234089E-04  
28 M  0.122743599E+05 -0.289561081E+00 -0.117079317E+02  0.210470787E+00  0.123704683E+05  0.897553102E-06  0.335715583E-06  0.178796667E-07  
29 E  0.129150829E+05  0.370927515E+01 -0.427139433E+01  0.497317702E-03  0.130294857E+05 -0.167988163E-03  0.670790365E-04 -0.429772022E-05  
30 E  0.136777684E+05 -0.438924679E+01 -0.358218667E+01 -0.554328545E+00  0.137325550E+05 -0.284866864E-04  0.315816227E-04 -0.115672884E-04  
31 E  0.140430126E+05 -0.490927881E+01 -0.288432168E+01  0.957617834E-03  0.143082644E+05  0.958889655E-05  0.194652540E-04  0.131158131E-04  
32 E  0.145342196E+05 -0.125803868E+01  0.534290910E+01  0.149482873E+01  0.145590328E+05 -0.964007479E-04 -0.288412399E-04 -0.507247981E-05  
33 M  0.146996411E+05 -0.284399094E+01  0.668314956E+01 -0.405384372E+00  0.147864210E+05 -0.143984643E-06 -0.269780047E-07 -0.631039040E-08  
34 E  0.152781734E+05 -0.136459226E+01  0.507342129E+01 -0.106502677E-03  0.153902025E+05 -0.383417263E-05  0.487314797E-05  0.572851004E-07  
35 E  0.160250341E+05  0.513835632E+01  0.106374644E+01 -0.159536085E+00  0.160871317E+05  0.213469868E-05 -0.686321174E-05  0.632331737E-05  
36 E  0.163903137E+05 
================ PARENT CYCLER 5.333gGfff3    ======================= 
Parent cycler number                                              131 
Approximate search space (synodic periods after J2000)             13 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 45.23 years (km/s)                        0.122209 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       178.5       11.147       11.147       12.780       12.780        
 8       158.3        8.800        8.800        7.942        7.942        
14       179.4        7.798        7.798       10.359       10.359        
20       116.3        6.033        6.033       10.009       10.009        
26       168.2        5.830        5.830        8.460        8.460        
32       127.9        6.391        6.284       13.002       13.002        
38       147.0        8.478        8.478        8.852        8.852        
AVERAGE  153.6        7.782        7.767       10.201       10.201        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            10890.237955 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.107058773E+03 -0.427806741E+00 -0.111673112E+02 -0.347678464E-03  0.109150253E+03  0.176733366E-07  0.790078764E-08  0.336448240E-09  
 2 E  0.362960848E+03 -0.105494795E+02 -0.293652625E+01 -0.208334227E+01  0.389728961E+03 -0.633908781E-07  0.211283786E-07 -0.212272699E-08  
 3 M  0.541414931E+03 -0.111233138E+02 -0.623118835E+01  0.876610455E+00  0.641524159E+03  0.101482966E-09 -0.198219072E-09  0.515170746E-12  
 4 E  0.120880978E+04 -0.614513094E+01  0.566064532E+01 -0.266266790E+01  0.133665568E+04  0.194138425E-04  0.233113084E-04 -0.300811402E-03  
 5 E  0.157408378E+04 -0.178953652E+01  0.275403726E+01 -0.813179249E+01  0.170922600E+04 -0.219035144E-03 -0.760039178E-03 -0.201040103E-04  
 6 E  0.193933301E+04 -0.502048636E+01  0.491088933E+01 -0.526015114E+01  0.205986988E+04  0.704756424E-06  0.914702224E-06 -0.561459018E-05  
 7 E  0.230459625E+04 -0.547386314E+01  0.683372511E+01  0.193546604E-03  0.255393621E+04 -0.195994842E-07  0.238877666E-07 -0.530764941E-08  
 8 E  0.278409618E+04  0.544430167E+01  0.691021904E+01  0.237879790E+00  0.280943058E+04  0.239511242E-07  0.133236922E-07 -0.142547352E-08  
 9 M  0.294243618E+04  0.566241161E+01  0.550305850E+01 -0.855808585E+00  0.306582021E+04 -0.320227129E-10 -0.992244459E-10 -0.109700898E-10  
10 E  0.352997919E+04 -0.138619138E+01  0.579035463E+01  0.503871080E+01  0.377836244E+04  0.298054223E-04  0.278838481E-04 -0.452308738E-03  
11 E  0.389524868E+04 -0.941485420E+00 -0.146757126E+01  0.760493435E+01  0.415458078E+04  0.135564640E-03 -0.425706250E-03  0.423810460E-04  
12 E  0.426050517E+04 -0.643258418E+00 -0.704183159E+01  0.330698339E+01  0.438468885E+04  0.363155551E-04 -0.163008340E-05 -0.290681806E-03  
13 E  0.462575129E+04 -0.183292966E+01 -0.760208233E+01 -0.321155643E-03  0.486728987E+04 -0.235094356E-05  0.103929432E-05  0.821894818E-09  
14 E  0.510882845E+04 -0.744214704E+01  0.873169783E+00  0.215778401E+01  0.513573652E+04  0.714953691E-08  0.258890010E-07  0.154904335E-08  
15 M  0.528821559E+04 -0.103334491E+02 -0.182381277E+00  0.697379412E+00  0.538018058E+04 -0.444718567E-10 -0.481597264E-10  0.179446256E-11  
16 E  0.590131557E+04  0.571720970E+00  0.599903105E+01  0.308416234E+00  0.601820263E+04 -0.239283117E-07 -0.784510171E-09 -0.171222494E-05  
17 E  0.626658763E+04  0.589189020E+00  0.572966480E+01  0.175148220E+01  0.637981240E+04 -0.766717390E-07  0.149085933E-07 -0.156664231E-05  
18 E  0.663182884E+04  0.589990442E+00  0.559337207E+01 -0.220205438E+01  0.674505540E+04 -0.264056482E-04  0.222987562E-05  0.349162394E-03  
19 E  0.699707582E+04  0.148352415E+01  0.584126612E+01 -0.141119294E-02  0.724228259E+04 -0.249387624E-08 -0.512784027E-08 -0.402232293E-09  
20 E  0.748748936E+04  0.551957353E+01 -0.213097354E+01 -0.117768280E+01  0.750493170E+04 -0.268806932E-09 -0.104971571E-07  0.396745053E-09  
21 M  0.760377163E+04  0.741167909E+01 -0.669404613E+01 -0.653475692E+00  0.773420859E+04 -0.118051513E-11  0.482126347E-11  0.357543973E-12  
22 E  0.825595644E+04 -0.238139730E+01 -0.531959869E+01  0.329751650E+00  0.837283465E+04  0.526212915E-07  0.447131513E-08  0.568740078E-06  
23 E  0.862120086E+04 -0.204714050E+01 -0.436361299E+01 -0.326704274E+01  0.873443241E+04 -0.816568972E-04  0.340376782E-04 -0.768682896E-03  
24 E  0.898646392E+04 -0.230659326E+01 -0.507182951E+01  0.168768014E+01  0.910334359E+04  0.159977800E-05 -0.695610504E-06 -0.293232883E-04  
25 E  0.935171289E+04 -0.318966655E+01 -0.488957404E+01  0.131787810E-02  0.960689884E+04 -0.121104351E-07 -0.231371905E-07  0.259728708E-08  
26 E  0.984245511E+04 -0.365805910E+01  0.424544999E+01  0.160855425E+01  0.987777011E+04  0.149156797E-07 -0.584260746E-08 -0.819457718E-09  
27 M  0.100106218E+05 -0.657844438E+01  0.528946122E+01 -0.563014819E+00  0.102596878E+05 -0.371068642E-10  0.227009422E-11  0.116428098E-10  
28 E  0.105641017E+05 -0.734119399E+00 -0.749087696E+00  0.630939806E+01  0.108124801E+05  0.235488042E-03  0.811326334E-04  0.208545167E-04  
 224
29 E  0.109293641E+05 -0.741656784E+00 -0.755085847E+00  0.631244912E+01  0.111777358E+05  0.142485660E-03  0.467351835E-04  0.121720874E-04  
30 E  0.112946166E+05  0.350050908E+01 -0.388073271E+00  0.534160538E+01  0.113968801E+05 -0.244847576E-05  0.446623385E-03 -0.250730231E-02  
31 E  0.116598434E+05  0.630102413E+01 -0.110330782E+01  0.120210459E-02  0.119924264E+05 -0.165740191E-08 -0.434498844E-07 -0.115566209E-07  
32 E  0.121489360E+05 -0.228268270E+01 -0.584477809E+01 -0.348927222E+00  0.121681174E+05  0.385569237E-06 -0.312648605E-06 -0.148184325E-07  
33 M  0.122768119E+05 -0.697793955E+01 -0.109574867E+02  0.545706772E+00  0.125055572E+05 -0.453479674E-06  0.160901310E-05  0.155948328E-07  
34 E  0.129303698E+05 -0.834846924E+01  0.129623651E+01  0.110346043E+00  0.130618650E+05 -0.221958007E-07  0.562405431E-06  0.826275826E-04  
35 E  0.132956341E+05 -0.831311753E+01  0.131591555E+01  0.618156602E+00  0.134271209E+05 -0.784094081E-07 -0.801682171E-06 -0.327293741E-04  
36 E  0.136608751E+05 -0.811256730E+01  0.130893423E+01 -0.200046454E+01  0.137887137E+05 -0.139838993E-05 -0.120687337E-04  0.160392311E-03  
37 E  0.140261281E+05 -0.802847956E+01  0.260488275E+01  0.632347612E-03  0.142711861E+05 -0.119935906E-07  0.754501609E-08  0.210055443E-08  
38 E  0.145066339E+05  0.218285664E+01  0.816415758E+01  0.672614419E+00  0.145286787E+05 -0.276932216E-07 -0.379089366E-07  0.777018178E-09  
39 M  0.146535988E+05  0.435802417E+01  0.769193825E+01 -0.455564269E+00  0.147533828E+05  0.655268565E-09 -0.161574493E-08 -0.286090076E-10  
40 E  0.153188251E+05  0.933939722E+01  0.160250975E+00 -0.372751219E+01  0.154503190E+05  0.101203627E-05 -0.171027434E-04 -0.120628785E-03  
41 E  0.156840859E+05  0.456370181E+01 -0.806522906E+00 -0.890468386E+01  0.159580225E+05  0.591198036E-03  0.209944294E-03 -0.996791551E-04  
42 E  0.160493347E+05  0.455397273E+01 -0.823122484E+00 -0.891892566E+01  0.163232783E+05 -0.982933076E-03 -0.347481284E-03  0.165593056E-03  
43 E  0.164145929E+05 
================ PARENT CYCLER 5.333gfGff3    ======================= 
Parent cycler number                                              132 
Approximate search space (synodic periods after J2000)             14 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 45.05 years (km/s)                        0.454025 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 3       149.9        9.098        9.098       12.962       12.962        
 9       188.4        8.169        8.168        7.489        7.489        
15       131.2        5.598        5.362       12.000       12.001        
21       146.7        6.882        6.882        7.241        7.242        
27       142.9        5.288        5.290        9.878        9.879        
33       103.7        5.510        5.511       11.108       11.109        
39       175.2        6.246        6.246        7.703        7.705        
AVERAGE  148.3        6.684        6.651        9.769        9.770        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            11304.945104 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.833363365E+02  0.864724432E+01 -0.287675994E+01 -0.675048562E-03  0.165539574E+03 -0.401187041E-03  0.152294521E-03 -0.123609231E-04  
 2 E  0.395271183E+03  0.466476650E+01 -0.766306743E+01  0.156003176E+01  0.450061776E+03  0.986256618E-03  0.671099161E-03  0.172194945E-03  
 3 E  0.760541801E+03 -0.413794316E+00 -0.895487956E+01 -0.155086181E+01  0.783031742E+03 -0.104089391E-02  0.149888597E-03  0.135491800E-04  
 4 M  0.910474744E+03 -0.226507750E+01 -0.127619655E+02  0.137267777E+00  0.101144563E+04 -0.659497105E-03  0.332131934E-03 -0.550821548E-04  
 5 E  0.158361400E+04 -0.761120994E+01 -0.223889870E+01 -0.191964055E+01  0.163840402E+04  0.163671054E-03 -0.516758210E-03  0.493145293E-05  
 6 E  0.194888079E+04 -0.761599905E+01 -0.224679876E+01  0.180927050E+01  0.204385173E+04  0.116632529E-03 -0.121963989E-03  0.294303306E-03  
 7 E  0.231415363E+04 -0.808786436E+01 -0.104453070E+01  0.124520171E-04  0.256455331E+04  0.167737583E-03  0.244516041E-04 -0.145304123E-04  
 8 E  0.279569148E+04 -0.668894167E+01  0.457325199E+01 -0.871587004E+00  0.285048041E+04  0.198433946E-04  0.622365382E-04 -0.600137312E-04  
 9 E  0.316095103E+04 -0.180343508E+01  0.702944256E+01  0.374938799E+01  0.319862990E+04 -0.183394542E-04 -0.128140968E-03 -0.130741472E-03  
10 M  0.334934537E+04 -0.291828620E+01  0.687171544E+01 -0.596418089E+00  0.343558890E+04  0.456598668E-03 -0.159375889E-03  0.171625748E-03  
11 E  0.392430222E+04 -0.155252156E+01 -0.267712504E+00  0.551359867E+01  0.412519353E+04  0.263629504E-03 -0.581793861E-03 -0.122323487E-03  
12 E  0.428955915E+04  0.368563314E+01 -0.124718969E+01  0.420881029E+01  0.435530437E+04 -0.112655906E-03 -0.556625863E-03 -0.693337831E-03  
13 E  0.465481036E+04  0.521083289E+01 -0.240750355E+01  0.311264025E-03  0.491043572E+04  0.313302009E-03 -0.154518254E-03 -0.133323363E-04  
14 E  0.514639758E+04  0.286144349E+01 -0.481973996E+01  0.359337723E+00  0.520483919E+04  0.403243287E-04  0.315727940E-03  0.268468679E-03  
15 E  0.551165764E+04 -0.441050473E+01 -0.304847741E+01  0.627334543E-01  0.553133975E+04 -0.931917183E-03  0.132420085E-02 -0.104274784E-03  
16 M  0.564287170E+04 -0.923476369E+01 -0.762391569E+01  0.782990363E+00  0.573730602E+04 -0.195829718E-03  0.893380876E-03 -0.285828221E-04  
17 E  0.627243384E+04 -0.516069031E+01  0.450061114E+01 -0.360524985E+00  0.632722064E+04  0.119450545E-03  0.217209286E-03 -0.496015600E-04  
18 E  0.663767917E+04 -0.253437907E+01  0.267262771E+01  0.578207948E+01  0.675456245E+04  0.301908657E-03 -0.140569283E-03  0.121539088E-03  
19 E  0.700293943E+04 -0.440715559E+01  0.524383220E+01  0.664729567E-03  0.733888669E+04 -0.435369301E-04 -0.657060040E-04  0.180666903E-04  
20 E  0.748981952E+04 -0.214464477E+00  0.683664639E+01 -0.581081288E+00  0.754460904E+04 -0.254744025E-03 -0.969579765E-04  0.285754291E-04  
21 E  0.785508301E+04  0.486224489E+01  0.486643451E+01 -0.193970705E+00  0.787708662E+04  0.145740555E-03 -0.188002783E-02  0.109519310E-03  
22 M  0.800177375E+04  0.596968581E+01  0.401512625E+01 -0.829496710E+00  0.809625229E+04  0.144639738E-03 -0.947500036E-03 -0.392069602E-04  
23 E  0.863163069E+04  0.297352317E+01 -0.434283768E+01 -0.344402218E+00  0.868641742E+04 -0.518489116E-03 -0.295837258E-03  0.224964062E-03  
24 E  0.899687557E+04  0.295059925E+01 -0.429041211E+01  0.959033915E+00  0.905166378E+04  0.262320220E-03  0.562772416E-03 -0.358771691E-03  
25 E  0.936213032E+04  0.227735856E+01 -0.477114918E+01  0.409265077E-03  0.961360077E+04 -0.734201290E-04  0.140409581E-03 -0.636063581E-04  
26 E  0.985520964E+04  0.387150585E+00 -0.312792507E+00  0.526383116E+01  0.990999801E+04 -0.484628525E-03 -0.944570653E-04  0.884007285E-04  
27 E  0.102204654E+05 -0.447520827E+01  0.269213474E+01  0.843617150E+00  0.102418937E+05  0.425752038E-03  0.617649963E-03 -0.172847385E-03  
28 M  0.103633202E+05 -0.985473021E+01  0.336087157E+00  0.604353827E+00  0.104521041E+05  0.599784684E-03  0.699311198E-03  0.938520125E-04  
29 E  0.109552126E+05  0.142062678E+01  0.515825185E+01  0.127684309E+01  0.110100042E+05 -0.513845540E-03 -0.244452235E-04  0.385883239E-03  
30 E  0.113204897E+05  0.145852975E+01  0.526442574E+01  0.723745287E+00  0.113752760E+05  0.273104218E-03 -0.141918284E-04 -0.353531563E-06  
31 E  0.116857317E+05  0.224141119E+01  0.504226058E+01  0.473757242E-04  0.119417974E+05  0.198451424E-03  0.463825400E-03 -0.117908586E-04  
32 E  0.121781657E+05  0.447406592E+01  0.282371067E+01 -0.156871498E+01  0.122366101E+05 -0.616104333E-03  0.494233791E-03 -0.918025684E-03  
33 E  0.125434434E+05  0.327327518E+01 -0.430077054E+01 -0.107786900E+01  0.125590055E+05 -0.382517143E-02 -0.165857783E-02 -0.166389346E-04  
34 M  0.126471907E+05  0.459749470E+01 -0.101068281E+02 -0.362864183E+00  0.127449472E+05 -0.167965510E-02 -0.284641867E-03 -0.110483335E-03  
35 E  0.132989006E+05 -0.442815001E+01 -0.439732563E+01 -0.450832903E-01  0.133536875E+05 -0.227626880E-03  0.141492612E-03 -0.167543451E-03  
36 E  0.136641470E+05 -0.441025682E+01 -0.440663807E+01 -0.394242665E+00  0.137189357E+05  0.445123199E-03 -0.245494477E-03  0.164806840E-03  
37 E  0.140294048E+05 -0.505129252E+01 -0.364438214E+01  0.515029513E-03  0.142934907E+05 -0.250514594E-03 -0.297356063E-03 -0.789991353E-04  
38 E  0.145184528E+05 -0.619685978E+01  0.280413946E+00 -0.550000834E+00  0.145732427E+05  0.128171078E-03 -0.418286238E-03 -0.235567801E-03  
39 E  0.148837189E+05 -0.277815222E+01  0.525865987E+01  0.190761270E+01  0.149099914E+05  0.121208094E-02  0.366343030E-03 -0.141716455E-03  
40 M  0.150588690E+05 -0.466972280E+01  0.612511439E+01 -0.196927813E+00  0.151459427E+05  0.129586100E-02 -0.313552607E-03  0.184693601E-03  
41 E  0.156393601E+05  0.271364029E+01  0.302756287E+00  0.448366518E+01  0.156941493E+05  0.107248542E-03  0.151938274E-02  0.151605542E-03  
42 E  0.160046209E+05  0.513787709E+01  0.100835689E+01 -0.250164349E+00  0.160922863E+05 -0.229125495E-04  0.297975818E-03  0.953190270E-04  
43 E  0.163698935E+05 
================ PARENT CYCLER 5.658Gfh-f3    ======================= 
Parent cycler number                                              145 
Approximate search space (synodic periods after J2000)             10 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 44.79 years (km/s)                        0.008902 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       132.1       ******        5.576        7.558        7.558        
 6       108.0        7.708        7.708       11.482       11.482        
11        81.1        6.884        6.884        8.228        8.228        
16       131.6        6.718        6.718        9.119        9.119        
21        89.3        6.406        6.406       11.822       11.822        
26       128.9        6.086        6.086        7.701        7.701        
31       107.7        7.653        7.653       11.073       11.073        
AVERAGE  111.3        6.909        6.719        9.569        9.569        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             8294.078101 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.458601114E+01  0.143797694E+01  0.530575296E+01  0.933512191E+00  0.244082658E+02 -0.121132007E-05  0.179981692E-05  0.181444534E-06  
 2 M  0.136734376E+03 -0.209180941E+00  0.744630533E+01 -0.127742264E+01  0.252194482E+03  0.809329096E-09 -0.204541772E-08 -0.207934141E-09  
 3 E  0.686544409E+03 -0.100932128E+01  0.508858744E+01 -0.542014450E+01  0.109198045E+04  0.787175846E-04  0.626355701E-04  0.468909677E-03  
 4 E  0.178231748E+04 -0.730422470E+00 -0.638710042E+00 -0.743466449E+01  0.180943871E+04 -0.405770645E-06  0.125501664E-06  0.587861565E-07  
 225
 5 E  0.196312566E+04 -0.308504952E+01  0.513790508E+01  0.486760423E+01  0.208000557E+04 -0.640483388E-04 -0.453281338E-04 -0.462951100E-03  
 6 E  0.232837537E+04 -0.742436798E+01  0.203553703E+01  0.383035189E+00  0.234457573E+04 -0.270486570E-06  0.194383892E-06 -0.135405214E-07  
 7 M  0.243637776E+04 -0.105921494E+02 -0.435003746E+01  0.849472854E+00  0.252915319E+04 -0.267542095E-09 -0.430884715E-09  0.143235241E-10  
 8 E  0.305488063E+04 -0.508990917E+01  0.245422896E+01 -0.430256671E+01  0.375617442E+04 -0.152419796E-04 -0.108461890E-04  0.130882494E-03  
 9 E  0.415065217E+04  0.660809671E+00  0.511201142E+00 -0.705925632E+01  0.417828080E+04 -0.108364093E-05 -0.328503350E-06 -0.255522509E-06  
10 E  0.433484302E+04  0.286661847E+01 -0.508446299E+01  0.366423936E+01  0.445173244E+04 -0.107733461E-03 -0.705636034E-04  0.931857056E-03  
11 E  0.470012246E+04  0.670945348E+01 -0.137460246E+01 -0.698303228E+00  0.471228795E+04 -0.279165175E-06 -0.932600771E-06  0.867798966E-07  
12 M  0.478122573E+04  0.819038441E+01  0.557201354E+00 -0.555440882E+00  0.487010548E+04 -0.202962957E-08 -0.112282993E-07  0.490519640E-09  
13 E  0.537375735E+04  0.289320309E+01 -0.348403889E+00 -0.584031673E+01  0.612983523E+04 -0.794524713E-03 -0.334734269E-03 -0.325092967E-04  
14 E  0.646952240E+04 -0.689230318E+00  0.229130442E+00 -0.648229440E+01  0.649721120E+04 -0.436544777E-05  0.192374675E-05  0.107299686E-05  
15 E  0.665411445E+04  0.255863259E+01  0.579286771E+01  0.223082553E+01  0.677099205E+04 -0.198310854E-04  0.660139665E-05 -0.229271434E-03  
16 E  0.701935695E+04 -0.295072516E+01  0.595216676E+01  0.998504614E+00  0.703909585E+04 -0.335059858E-05 -0.336366745E-05 -0.166536030E-07  
17 M  0.715094961E+04 -0.850106926E+01  0.328356781E+01 -0.331994192E+00  0.733669846E+04 -0.885831106E-09  0.103104108E-08  0.142688463E-09  
18 E  0.769726974E+04 -0.586210688E+01  0.810886334E+00 -0.250467513E+01  0.809174506E+04  0.639931559E-05 -0.226597230E-04 -0.226212909E-03  
19 E  0.879303450E+04  0.234802486E+00 -0.641456372E+00 -0.639874440E+01  0.881985088E+04 -0.436035432E-07 -0.198842000E-07  0.985939285E-09  
20 E  0.897181036E+04 -0.554201550E+01 -0.117394078E+01  0.300085236E+01  0.908870198E+04 -0.405737530E-04  0.142508788E-03  0.131057146E-02  
21 E  0.933709667E+04 -0.252475473E+01 -0.583424042E+01 -0.792316091E+00  0.935048806E+04  0.503193995E-07 -0.152177924E-07  0.412276732E-08  
22 M  0.942637260E+04 -0.900320647E+00 -0.117858080E+02  0.207734516E+00  0.952201343E+04 -0.122515646E-10  0.130526284E-10 -0.558894964E-12  
23 E  0.100639781E+05 -0.233202588E+01 -0.367126203E+01 -0.422502401E+01  0.108638895E+05 -0.224148656E-03  0.169475637E-03  0.615021222E-04  
24 E  0.111597471E+05 -0.164119664E+00  0.583146232E+00 -0.602863388E+01  0.111877221E+05 -0.125163012E-06 -0.190455908E-06 -0.306293413E-07  
25 E  0.113462473E+05  0.525329930E+01  0.964524915E+00  0.289281826E+01  0.114594767E+05  0.287796427E-05 -0.137761060E-04  0.141256814E-03  
26 E  0.117115035E+05  0.151022380E+01  0.580520282E+01  0.103078519E+01  0.117308456E+05  0.658257616E-07 -0.128169665E-06  0.432120371E-08  
27 M  0.118404505E+05 -0.177752571E+01  0.737706253E+01 -0.131134945E+01  0.119385219E+05  0.821565780E-10  0.162262962E-10  0.241201644E-10  
28 E  0.123852919E+05 -0.197662273E+01  0.489274611E+01 -0.528658207E+01  0.127797675E+05  0.265103165E-04  0.282654509E-04  0.178356213E-03  
29 E  0.134810574E+05 -0.591297141E+00 -0.748103391E+00 -0.741006044E+01  0.135080942E+05 -0.161829241E-06 -0.534344499E-07  0.373759381E-07  
30 E  0.136613031E+05 -0.364999065E+01  0.426666126E+01  0.522438029E+01  0.137781878E+05  0.582741460E-04  0.619177767E-04  0.450954099E-03  
31 E  0.140265677E+05 -0.755848326E+01  0.118184390E+01  0.200605910E+00  0.140427229E+05 -0.145157896E-06 -0.483797255E-07 -0.827513411E-09  
32 M  0.141342691E+05 -0.931462886E+01 -0.594065864E+01  0.744103416E+00  0.142810572E+05 -0.143653480E-08 -0.233581121E-08 -0.323236634E-09  
33 E  0.147214216E+05 -0.199578892E+01 -0.440273887E+01 -0.121895898E+01  0.151816489E+05  0.275077347E-04  0.143434904E-05 -0.354910119E-04  
34 E  0.158172009E+05  0.389990589E+00  0.113032182E+00 -0.497537323E+01  0.158446123E+05  0.573659473E-05  0.268235843E-05  0.103732446E-05  
35 E  0.159999435E+05  0.106145335E+00 -0.189869389E+01  0.443815882E+01  0.162665796E+05  0.507325095E-03 -0.127046212E-02  0.135736548E-03  
36 E  0.163651985E+05 
================ PARENT CYCLER 5.658Gfh+f3    ======================= 
Parent cycler number                                              146 
Approximate search space (synodic periods after J2000)             13 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 45.17 years (km/s)                        0.007219 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       164.7       ******        6.408       10.873       10.873        
 6        95.0        5.483        5.483        8.382        8.382        
11       133.1        6.524        6.524        9.116        9.116        
16        89.3        6.402        6.402       11.823       11.823        
21       128.9        6.090        6.090        7.709        7.709        
26       106.7        7.678        7.678       11.274       11.274        
31       100.9        5.427        5.427        7.472        7.472        
AVERAGE  116.9        6.268        6.288        9.521        9.521        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            10633.970176 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.814350096E+02 -0.619590199E+01 -0.140773750E+01  0.829886849E+00 -0.567344575E+02 -0.471761027E-07  0.864622333E-07 -0.414027137E-09  
 2 M  0.832353376E+02 -0.103689986E+02 -0.318217590E+01  0.763709842E+00  0.174698649E+03  0.235193665E-10  0.574484295E-10 -0.611123768E-11  
 3 E  0.692990744E+03 -0.212766569E+01 -0.357838611E+01  0.381379375E+01  0.154769319E+04 -0.132394397E-04  0.257759349E-03  0.218713355E-04  
 4 E  0.178876311E+04  0.497609240E+00  0.129410201E+00  0.562858277E+01  0.181617094E+04  0.100907765E-06 -0.128750518E-06 -0.123277764E-07  
 5 E  0.197148198E+04  0.812246572E+00 -0.516856227E+01 -0.158928496E+01  0.208471642E+04 -0.351100640E-04 -0.609354130E-05 -0.630145548E-03  
 6 E  0.233675438E+04  0.542936699E+01  0.151829838E+00 -0.748258768E+00  0.235101000E+04  0.120415334E-06 -0.142204004E-06  0.528300423E-08  
 7 M  0.243179185E+04  0.836198320E+01 -0.216779654E+00 -0.538361153E+00  0.252182357E+04  0.120080213E-09  0.591752222E-09  0.183698033E-10  
 8 E  0.303200333E+04  0.445128667E+01  0.380130491E+01  0.240255393E+01  0.342647232E+04 -0.684833423E-04  0.302060884E-04  0.767944946E-03  
 9 E  0.412775051E+04 -0.636611293E+00  0.235965063E+00  0.629409125E+01  0.415545489E+04  0.177230141E-07 -0.184539266E-07  0.496587244E-08  
10 E  0.431244633E+04  0.258207549E+01  0.538816073E+01 -0.259714172E+01  0.442567182E+04 -0.334066298E-04  0.149622239E-04  0.405211249E-03  
11 E  0.467768985E+04 -0.294676197E+01  0.573383301E+01  0.100423268E+01  0.469765323E+04  0.175614026E-07  0.344285664E-08 -0.645006433E-09  
12 M  0.481077902E+04 -0.849099459E+01  0.329931120E+01 -0.331859357E+00  0.495288022E+04  0.172199791E-10  0.720213431E-11 -0.726919964E-11  
13 E  0.535732210E+04 -0.598011515E+01  0.772950308E+00  0.221112287E+01  0.575179746E+04 -0.337156207E-05  0.119476371E-04 -0.134480407E-03  
14 E  0.645308698E+04  0.234134905E+00 -0.639379164E+00  0.639521620E+01  0.654068693E+04 -0.326969623E-08  0.227146322E-08 -0.357575663E-07  
15 E  0.663186238E+04 -0.489430103E+01 -0.949808442E+00 -0.402308656E+01  0.674510235E+04 -0.651863745E-04  0.245657604E-03 -0.179076120E-02  
16 E  0.699715261E+04 -0.251971615E+01 -0.583188796E+01 -0.792046865E+00  0.701054883E+04  0.813639299E-08 -0.438599861E-07  0.394334627E-09  
17 M  0.708646072E+04 -0.903002989E+00 -0.117870748E+02  0.207596742E+00  0.733514209E+04  0.143476178E-06 -0.113596970E-06 -0.768819865E-08  
18 E  0.772410526E+04  0.825836190E+00 -0.280670908E+01  0.531468306E+01  0.861167661E+04 -0.294291123E-03 -0.138717357E-04  0.428211491E-04  
19 E  0.881987236E+04 -0.164469414E+00  0.585638405E+00  0.603502590E+01  0.884784761E+04  0.109986015E-07  0.172502029E-07 -0.269111320E-08  
20 E  0.900637402E+04  0.486532354E+01  0.844527879E+00 -0.354239613E+01  0.911595090E+04  0.272925018E-05 -0.161366986E-04 -0.864038348E-04  
21 E  0.937163029E+04  0.150912839E+01  0.580981531E+01  0.103046500E+01  0.939095802E+04  0.180879619E-07 -0.348835871E-07  0.117193056E-08  
22 M  0.950048180E+04 -0.177152571E+01  0.738533739E+01 -0.132202032E+01  0.985451583E+04  0.987844808E-09  0.481559567E-08 -0.109624511E-06  
23 E  0.100451495E+05 -0.298390248E+01  0.571429484E+01  0.382306132E+01  0.109765502E+05  0.105875534E-04 -0.140802898E-04  0.160871204E-03  
24 E  0.111409150E+05 -0.598826407E+00 -0.748774445E+00  0.743243667E+01  0.111679540E+05  0.302974696E-06  0.881288405E-07  0.679143905E-07  
25 E  0.113211750E+05 -0.410193991E+01  0.467973671E+01 -0.452411627E+01  0.114380592E+05  0.338317487E-04  0.341467024E-04 -0.299154931E-03  
26 E  0.116864381E+05 -0.759636158E+01  0.109594770E+01  0.213415461E+00  0.117024406E+05  0.247075186E-06  0.700970770E-07  0.436859316E-09  
27 M  0.117931212E+05 -0.956629168E+01 -0.591337720E+01  0.792125582E+00  0.118841172E+05  0.227009422E-10 -0.643827158E-10 -0.167468921E-11  
28 E  0.123997609E+05 -0.185690522E+01 -0.254404622E+01  0.465069398E+01  0.133311572E+05 -0.684540345E-04  0.176391275E-03  0.424815042E-04  
29 E  0.134955212E+05  0.448678390E+00  0.287848404E+00  0.558917685E+01  0.135691074E+05  0.117816402E-08 -0.108288950E-08 -0.312512033E-10  
30 E  0.136794866E+05  0.254967537E+01 -0.474421538E+01 -0.766474476E+00  0.137927145E+05  0.269978955E-05  0.147795680E-05  0.113331139E-03  
31 E  0.140447377E+05  0.525344358E+01  0.130665302E+01 -0.384997133E+00  0.140598667E+05  0.188099709E-08 -0.171514298E-08  0.138975689E-09  
32 M  0.141455973E+05  0.696524098E+01  0.255831841E+01 -0.873967971E+00  0.142964343E+05 -0.200786775E-10  0.307777158E-11  0.143301764E-12  
33 E  0.147740847E+05  0.468265530E+01 -0.158917557E+01  0.209094419E+01  0.154644113E+05  0.217850337E-04  0.121522278E-04 -0.385101694E-03  
34 E  0.158698413E+05 -0.404962591E+00 -0.266324529E+00  0.534960293E+01  0.158988593E+05 -0.202006095E-07 -0.380807991E-07 -0.689635775E-08  
35 E  0.160512038E+05 -0.247758231E+01  0.491119359E+01 -0.675178498E+00  0.161644395E+05  0.828679459E-08  0.988971093E-08 -0.720915710E-07  
36 E  0.164164805E+05 
================ PARENT CYCLER 5.658Gfh-3     ======================= 
Parent cycler number                                              147 
Approximate search space (synodic periods after J2000)             17 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 44.58 years (km/s)                        0.012485 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        92.0       ******       11.902        7.454        7.454        
 5       115.4        7.894        7.894       10.383       10.383        
 9        93.0        5.402        5.402        9.506        9.506        
13       140.9        5.788        5.788        8.643        8.643        
17        93.7        6.851        6.854       11.812       11.812        
21       131.0        5.494        5.494        7.457        7.457        
 226
25       112.6        7.579        7.579       10.962       10.962        
AVERAGE  111.2        6.501        7.273        9.460        9.460        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13753.826276 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.567449975E+02  0.917752847E+01  0.753848070E+01  0.781623212E+00  0.705435870E+02 -0.310961168E-04 -0.198393244E-04  0.263588991E-05  
 2 M  0.148735594E+03  0.139063851E+01  0.720455151E+01 -0.131454828E+01  0.241126135E+03  0.129426272E-06 -0.985768449E-07  0.921249846E-08  
 3 E  0.692209369E+03  0.144253657E+01  0.693563806E+01 -0.311053663E+01  0.121819196E+04  0.232173598E-03  0.835961470E-05  0.599818881E-03  
 4 E  0.142274075E+04 -0.283159744E+01  0.396416059E+01 -0.602820457E+01  0.169637948E+04 -0.340545892E-05  0.439860940E-05  0.196011197E-06  
 5 E  0.233486984E+04 -0.662158732E+01  0.426087923E+01  0.556410159E+00  0.235217484E+04  0.462370372E-05 -0.899111260E-06  0.179078164E-07  
 6 M  0.245023652E+04 -0.101278082E+02 -0.223399395E+01  0.502369324E+00  0.253522155E+04 -0.141202506E-08 -0.193866708E-08 -0.190704345E-09  
 7 E  0.301680342E+04 -0.538195381E+01 -0.213545035E+00  0.266066316E+00  0.358664372E+04 -0.254851679E-04  0.361480576E-04 -0.354848015E-03  
 8 E  0.374736790E+04 -0.189365116E+01 -0.505115280E+01 -0.152547740E-02  0.399425982E+04 -0.113560576E-05 -0.144552201E-05  0.127883877E-07  
 9 E  0.466178239E+04  0.466903413E+01 -0.248914813E+01 -0.108661312E+01  0.467573538E+04 -0.335065756E-05 -0.401358417E-05 -0.578762641E-07  
10 M  0.475480232E+04  0.792572684E+01 -0.524092838E+01 -0.294285916E+00  0.484676757E+04 -0.202161761E-07 -0.875550704E-08  0.384347029E-08  
11 E  0.536790398E+04  0.440687983E+01 -0.258885108E+01  0.272641227E+01  0.557244839E+04 -0.224955764E-03  0.413707442E-04  0.119462016E-04  
12 E  0.609841973E+04  0.381603138E+01  0.433289096E+01 -0.744517468E-02  0.640069267E+04  0.558626932E-05  0.140050748E-04  0.123398492E-07  
13 E  0.701439832E+04 -0.196208424E+01  0.532543803E+01  0.113603285E+01  0.703552899E+04 -0.268865131E-08 -0.598857802E-04  0.126848438E-06  
14 M  0.715526945E+04 -0.699611131E+01  0.502267282E+01 -0.723383833E+00  0.743236899E+04  0.105674060E-07  0.563549716E-07  0.993161421E-07  
15 E  0.769860188E+04 -0.506058498E+01  0.446224741E+01 -0.107196172E+01  0.780817831E+04 -0.465607957E-04  0.507729205E-04  0.874982724E-04  
16 E  0.842911146E+04 -0.409600670E+01 -0.677587830E+00 -0.542279406E+01  0.913839361E+04 -0.162590006E-02  0.212167689E-02 -0.446957080E-03  
17 E  0.933844756E+04 -0.518039383E+01 -0.445926641E+01 -0.504715802E+00  0.935250521E+04 -0.125972179E-04  0.290900461E-04  0.216711561E-05  
18 M  0.943216525E+04 -0.424778512E+01 -0.110088761E+02  0.527448620E+00  0.956928421E+04  0.474330317E-08 -0.185159813E-07 -0.762132879E-09  
19 E  0.100554332E+05  0.132075575E+01 -0.534636218E+01  0.218512397E-01  0.101796276E+05  0.206050305E-05 -0.394610988E-05  0.293511967E-04  
20 E  0.107859883E+05  0.540572212E+01 -0.110161371E+01  0.275267962E-02  0.110604521E+05  0.946405320E-05 -0.176070030E-05  0.524754457E-08  
21 E  0.117008676E+05  0.176512114E+01  0.513859674E+01  0.813374365E+00  0.117205162E+05  0.133510290E-05 -0.676291695E-05  0.525549203E-06  
22 M  0.118318586E+05  0.101002233E+01  0.729039574E+01 -0.119734462E+01  0.119372329E+05 -0.452744747E-08  0.904307656E-08  0.579491564E-09  
23 E  0.123864604E+05  0.568396929E+00  0.741036534E+01 -0.226792926E+00  0.128686214E+05  0.978935026E-04 -0.138643554E-04  0.168089722E-03  
24 E  0.131170074E+05 -0.311302446E+01  0.361673281E+01 -0.572123949E+01  0.133905371E+05 -0.497810704E-06  0.491965973E-06  0.274693086E-07  
25 E  0.140287730E+05 -0.697409421E+01  0.293058729E+01  0.457713753E+00  0.140456639E+05  0.600562879E-06 -0.184004383E-06 -0.417042620E-07  
26 M  0.141413790E+05 -0.103884959E+02 -0.340505007E+01  0.803023552E+00  0.142324359E+05 -0.378646094E-09 -0.160064128E-08 -0.552694780E-10  
27 E  0.147484250E+05 -0.587641888E+01  0.183522934E+01 -0.785606560E-03  0.148848556E+05  0.270437790E-05  0.654424719E-06 -0.392760391E-06  
28 E  0.154305779E+05 -0.168757558E+01 -0.411625010E+01  0.426603001E+01  0.157219913E+05  0.179744895E-05  0.712594147E-05  0.219462404E-06  
29 E  0.163412448E+05 
================ PARENT CYCLER 5.658gFh-3     ======================= 
Parent cycler number                                              148 
Approximate search space (synodic periods after J2000)             15 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.86 years (km/s)                        0.030461 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       144.6        7.892        7.892        9.285        9.285        
 6       167.9        5.605        5.605        8.845        8.845        
10       100.1        5.506        5.506       11.855       11.855        
14       165.5        6.118        6.118        7.154        7.154        
18       121.8        5.676        5.676       11.277       11.277        
22       119.7        6.073        6.073        8.266        8.266        
26       180.1        6.721        6.721        9.041        9.041        
AVERAGE  142.8        6.227        6.227        9.389        9.389        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            12238.309690 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.108334520E+02  0.462031884E+01 -0.642914227E+01 -0.483504525E-03  0.867860180E+02 -0.256719625E-06 -0.912128784E-07  0.245979905E-07  
 2 E  0.639963015E+03  0.748738902E+01 -0.175946042E+01 -0.176881553E+01  0.676100934E+03 -0.776277616E-06  0.122176765E-06 -0.711895470E-09  
 3 M  0.784514692E+03  0.830197096E+01 -0.413218055E+01 -0.468890542E+00  0.110140185E+04  0.803937416E-09  0.691423908E-09  0.156564889E-09  
 4 E  0.141828901E+04  0.264278210E+01  0.489656853E+01 -0.162644435E-01  0.169283418E+04 -0.177660516E-07 -0.420455542E-07  0.153196262E-10  
 5 E  0.233343958E+04 -0.303069144E+01  0.469461477E+01  0.130505013E-03  0.243802996E+04 -0.117829543E-06  0.298883647E-07  0.248809133E-08  
 6 E  0.303070874E+04 -0.431061280E+01  0.327017847E+01  0.146471518E+01  0.306596986E+04 -0.158450963E-06  0.149045458E-07  0.849007921E-08  
 7 M  0.319861885E+04 -0.808685566E+01  0.358262598E+01 -0.476186094E-01  0.337910439E+04  0.474719193E-10 -0.112856585E-09 -0.341467928E-10  
 8 E  0.376263617E+04 -0.477818240E+01 -0.282802426E+01 -0.839472385E-03  0.404628874E+04  0.371405601E-08  0.281419595E-08  0.156594786E-10  
 9 E  0.467764446E+04  0.807121185E+00 -0.547345378E+01  0.135368441E-02  0.478278845E+04  0.852229082E-08 -0.867685729E-08 -0.109274722E-09  
10 E  0.537860439E+04 -0.137620483E+01 -0.527923531E+01 -0.743927882E+00  0.539362099E+04  0.172718771E-07 -0.130543479E-07  0.134097270E-08  
11 M  0.547871509E+04 -0.135268040E+01 -0.117591884E+02  0.666653707E+00  0.556781426E+04  0.263086229E-10 -0.116679205E-10 -0.485836124E-12  
12 E  0.607270957E+04  0.528415806E+01 -0.308044426E+01 -0.244511334E-02  0.633872206E+04  0.166666948E-06 -0.104921648E-06 -0.235233713E-09  
13 E  0.698999402E+04  0.497595512E+01  0.289150283E+01  0.204447147E+01  0.715070654E+04  0.422819210E-05  0.644877351E-05 -0.436893362E-04  
14 E  0.772050550E+04 -0.639264049E+00  0.590722243E+01  0.145698074E+01  0.774532684E+04 -0.452754321E-06 -0.235979465E-06  0.112215341E-07  
15 M  0.788598107E+04 -0.131024927E+01  0.699896458E+01 -0.693152090E+00  0.797195211E+04 -0.931780260E-10 -0.527561299E-10  0.277318752E-10  
16 E  0.845912129E+04 -0.419448336E+01  0.141480841E+01 -0.356165474E+01  0.872316957E+04  0.156622809E-02  0.359406540E-02  0.296280648E-01  
17 E  0.936963259E+04 -0.457118264E+01 -0.343076626E+01  0.550072188E-04  0.947372250E+04  0.744984408E-08  0.176271378E-07 -0.870581255E-09  
18 E  0.100635653E+05 -0.566974606E+01 -0.112452849E+00  0.249010514E+00  0.100818335E+05 -0.536864551E-08  0.493027759E-08  0.436308378E-09  
19 M  0.101853534E+05 -0.978292922E+01 -0.557256749E+01  0.644399659E+00  0.102704406E+05  0.148639090E-11 -0.207135764E-10  0.325501936E-11  
20 E  0.107526015E+05 -0.946571210E+00 -0.599445586E+01 -0.126671059E-02  0.110185749E+05  0.568072477E-09  0.474022788E-08 -0.196071627E-10  
21 E  0.116697511E+05  0.464418807E+01 -0.392305749E+01  0.218970977E+00  0.118450824E+05 -0.167991932E-10 -0.143423329E-08 -0.316791927E-06  
22 E  0.124002983E+05  0.540061124E+01  0.269976058E+01 -0.650807698E+00  0.124182501E+05  0.149357980E-08 -0.153608496E-08  0.108508809E-09  
23 M  0.125199770E+05  0.818693081E+01  0.978562576E+00 -0.581988595E+00  0.126099747E+05 -0.941601352E-11 -0.233292275E-10 -0.103716686E-10  
24 E  0.131199618E+05  0.125138055E+01  0.539972353E+01 -0.365087399E+01  0.138153501E+05 -0.415749205E-07 -0.515609327E-08  0.268159633E-08  
25 E  0.140349464E+05 -0.322160443E+01  0.586886564E+01 -0.774599998E-03  0.141356637E+05  0.752017898E-09 -0.404185894E-09  0.832936600E-10  
26 E  0.147063948E+05 -0.557206161E+01  0.313381372E+01  0.207377246E+01  0.147334029E+05  0.278836284E-07 -0.140633160E-06 -0.266389604E-08  
27 M  0.148864489E+05 -0.852742156E+01  0.299554037E+01  0.201940992E+00  0.149733392E+05  0.830196437E-10  0.167841474E-09  0.199387600E-12  
28 E  0.154657176E+05 -0.291882235E+01 -0.306689696E+01  0.302171906E+01  0.157204657E+05 -0.227089776E-08 -0.185332939E-08  0.415842241E-10  
29 E  0.163755320E+05 
================ PARENT CYCLER 5.658Gfh+3     ======================= 
Parent cycler number                                              149 
Approximate search space (synodic periods after J2000)             14 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 44.84 years (km/s)                        0.068829 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        90.9       ******        8.085       11.785       11.785        
 5       125.7        5.493        5.489        7.383        7.383        
 9       117.8        7.459        7.477       10.377       10.377        
13        95.3        5.353        5.354        9.533        9.533        
17       141.2        5.765        5.765        8.643        8.643        
21        93.7        6.854        6.854       11.826       11.826        
25       129.7        5.537        5.538        7.537        7.537        
AVERAGE  113.5        6.077        6.366        9.584        9.583        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            11413.934201 
 227
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.123124890E+02 -0.726359024E+01 -0.353299234E+01 -0.358400240E+00  0.131743293E+01 -0.199126820E-02  0.815939405E-03 -0.171850157E-03  
 2 M  0.785536570E+02 -0.572727405E+01 -0.102809210E+02  0.624440735E+00  0.171345644E+03 -0.266287037E-05  0.454995382E-05  0.355338523E-07  
 3 E  0.697166904E+03 -0.633804853E+00 -0.507119206E+01  0.202137286E+01  0.112086341E+04 -0.122119745E-04 -0.318238233E-03  0.770126254E-04  
 4 E  0.142767812E+04  0.512053544E+01 -0.202384960E+01 -0.256648174E+00  0.169297514E+04  0.109069903E-03  0.386399213E-04 -0.552408272E-02  
 5 E  0.234249544E+04  0.255686131E+01  0.481977962E+01  0.602359807E+00  0.236135064E+04  0.302549352E-04  0.154779629E-04 -0.196380607E-05  
 6 M  0.246819681E+04  0.253381206E+01  0.685055090E+01 -0.107666920E+01  0.259718850E+04  0.125133870E-06 -0.602836201E-07  0.630928041E-07  
 7 E  0.302903021E+04  0.180986924E+01  0.709334442E+01 -0.997821087E-01  0.313861044E+04 -0.732073254E-04 -0.172354150E-03 -0.300257620E-03  
 8 E  0.375956508E+04 -0.253843333E+01  0.421612384E+01  0.543475618E+01  0.444380473E+04  0.235234286E-02  0.222655350E-02  0.983692498E-03  
 9 E  0.467188462E+04 -0.632730617E+01  0.394474052E+01  0.560451140E+00  0.468954805E+04  0.873166072E-04 -0.789612099E-04 -0.456443060E-05  
10 M  0.478964084E+04 -0.101297628E+02 -0.219521724E+01  0.501737299E+00  0.487469269E+04 -0.831386774E-07 -0.909001543E-07 -0.268834316E-07  
11 E  0.535665321E+04 -0.538061264E+01 -0.201109537E+00 -0.108351970E+00  0.556122347E+04  0.668455150E-03  0.200017049E-03  0.140491500E-03  
12 E  0.608726127E+04 -0.151899258E+01 -0.426094228E+01  0.292276662E+01  0.633321743E+04 -0.643723518E-06 -0.945194870E-06  0.261631111E-07  
13 E  0.699821000E+04  0.469520255E+01 -0.233169434E+01 -0.108622500E+01  0.701250611E+04 -0.407842410E-05  0.197971097E-07 -0.279171889E-06  
14 M  0.709351738E+04  0.788439585E+01 -0.535133108E+01 -0.291976476E+00  0.718562087E+04 -0.850007101E-08 -0.263163607E-08  0.683457549E-09  
15 E  0.770754067E+04  0.525375516E+01 -0.167510105E+01  0.169170352E+01  0.783172594E+04 -0.180943714E-04 -0.740632403E-05 -0.333398615E-03  
16 E  0.843804223E+04  0.382285178E+01  0.429787431E+01 -0.664115980E-02  0.874028612E+04 -0.125934568E-06 -0.517242710E-06 -0.727481911E-09  
17 E  0.935393281E+04 -0.197772688E+01  0.529405525E+01  0.113814002E+01  0.937510614E+04  0.163648463E-06  0.257596935E-05 -0.177338008E-07  
18 M  0.949508833E+04 -0.699317637E+01  0.502670271E+01 -0.724720887E+00  0.983740206E+04  0.342227037E-09  0.108296556E-10  0.496091022E-09  
19 E  0.100384435E+05 -0.469266654E+01  0.448669647E+01  0.213414792E+01  0.104913592E+05  0.958992920E-04  0.685685867E-04  0.171303368E-03  
20 E  0.107689527E+05 -0.408156505E+01 -0.673817037E+00  0.543686638E+01  0.114236739E+05  0.255978559E-06  0.681434749E-07  0.108848568E-07  
21 E  0.116782877E+05 -0.517510737E+01 -0.446504567E+01 -0.504020310E+00  0.116923401E+05 -0.562266595E-06  0.135544792E-05  0.102214897E-06  
22 M  0.117719707E+05 -0.426532181E+01 -0.110179103E+02  0.524299487E+00  0.121712760E+05  0.911057590E-07 -0.151232579E-06 -0.125323540E-07  
23 E  0.123958852E+05  0.146222795E+01 -0.534482630E+01  0.330778976E+00  0.125273852E+05 -0.123975961E-04  0.182018985E-03  0.216902342E-03  
24 E  0.131264404E+05  0.545856578E+01 -0.105158757E+01  0.257614717E-02  0.134009559E+05 -0.709015176E-04  0.145142371E-04 -0.435915258E-07  
25 E  0.140414921E+05  0.180024383E+01  0.517428062E+01  0.806651190E+00  0.140609469E+05 -0.185778461E-04  0.431916517E-04 -0.363298087E-05  
26 M  0.141711910E+05  0.108189503E+01  0.735134940E+01 -0.126112620E+01  0.143812662E+05  0.278258332E-05  0.136036079E-06  0.309845962E-05  
27 E  0.147240205E+05  0.753927549E+00  0.744796542E+01  0.164819267E+01  0.148336030E+05  0.428685866E-05  0.934848878E-04  0.723887315E-03  
28 E  0.154545700E+05 -0.302970471E+01  0.374379628E+01  0.597724984E+01  0.157372618E+05  0.771629201E-04 -0.909884501E-04  0.290354887E-05  
29 E  0.163664791E+05 
================ PARENT CYCLER 5.658gFh+3     ======================= 
Parent cycler number                                              150 
Approximate search space (synodic periods after J2000)              7 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 44.91 years (km/s)                        0.414088 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       109.8        5.421        5.421       10.231       10.231        
 6       159.3        5.278        5.280        8.050        8.050        
10       108.9        5.604        5.604       12.086       12.086        
14       148.1        6.614        6.998        7.639        7.639        
18       182.8        7.830        7.830       10.117       10.117        
22       101.0        5.324        5.324        9.568        9.568        
26       170.0        5.672        5.672        8.242        8.242        
AVERAGE  140.0        5.963        6.018        9.419        9.419        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             5998.597490 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.163434076E+02  0.312110647E+01 -0.448206429E+01  0.669082653E-03  0.893702083E+02  0.242009807E-05 -0.523218888E-06 -0.415020074E-07  
 2 E  0.688414031E+03  0.417001008E+01 -0.327540771E+01 -0.112897359E+01  0.704891352E+03  0.456974051E-04 -0.690033873E-04 -0.301087086E-06  
 3 M  0.798262835E+03  0.610484784E+01 -0.820700212E+01 -0.231565547E+00  0.981241160E+03 -0.178350277E-05  0.188698353E-06 -0.227027779E-06  
 4 E  0.142922257E+04  0.387558034E+01  0.352892185E+01 -0.475294374E-02  0.209635388E+04  0.216648512E-04 -0.288673119E-04 -0.485486094E-04  
 5 E  0.234310108E+04 -0.202966084E+01  0.485443490E+01  0.428051572E-03  0.247799902E+04 -0.117816967E-04  0.115071152E-04  0.812835937E-07  
 6 E  0.305309026E+04 -0.228121993E+01  0.456146079E+01  0.136469653E+01  0.307698714E+04  0.334972035E-04 -0.328657774E-04 -0.289810071E-05  
 7 M  0.321240276E+04 -0.583700085E+01  0.553067123E+01 -0.368322062E+00  0.329639527E+04  0.110018932E-06  0.155519112E-07 -0.567273274E-08  
 8 E  0.377235284E+04 -0.401740961E+01 -0.883846842E+00  0.389352146E+01  0.405422697E+04  0.480243231E-05  0.161146394E-05  0.112159224E-06  
 9 E  0.468162424E+04 -0.206442513E+01 -0.527231378E+01  0.630266122E-03  0.488357366E+04  0.162723452E-06 -0.729938320E-06 -0.240937699E-06  
10 E  0.537800154E+04 -0.431308170E+01 -0.356765237E+01 -0.277801753E+00  0.539433457E+04  0.378176352E-05  0.375358072E-06  0.203257100E-06  
11 M  0.548688840E+04 -0.666331611E+01 -0.100482418E+02  0.842202841E+00  0.574592829E+04 -0.206790058E-07 -0.250142591E-07 -0.112215925E-07  
12 E  0.606253261E+04  0.221290407E+01 -0.621768827E+01 -0.200320036E-01  0.632912052E+04  0.280541539E-04 -0.151352073E-04  0.130960754E-02  
13 E  0.698180125E+04  0.536733554E+01 -0.105404529E+00  0.388582960E+01  0.731784100E+04  0.555560340E-04  0.414456690E-04  0.406407249E-04  
14 E  0.771232245E+04  0.249282302E+01  0.651860050E+01  0.518992748E+00  0.773453314E+04 -0.154845542E-04  0.630645158E-05  0.407312121E-06  
15 M  0.786039371E+04  0.402229526E+01  0.641718868E+01 -0.996021397E+00  0.810086954E+04 -0.119721545E-07 -0.167276233E-07  0.146212255E-08  
16 E  0.843295521E+04 -0.178563618E+01  0.477885560E+01  0.571135328E+01  0.915426670E+04  0.228518060E-02  0.305292651E-02  0.118883288E-02  
17 E  0.934600773E+04 -0.577080031E+01  0.525451176E+01 -0.134077875E-03  0.979610968E+04 -0.826224609E-06  0.272706767E-05 -0.180251839E-03  
18 E  0.999832940E+04 -0.737098233E+01  0.100009723E+01  0.244438821E+01  0.100257477E+05  0.114911559E-05  0.173074715E-05  0.206224199E-06  
19 M  0.101811181E+05 -0.101037680E+02 -0.314272973E+00  0.411560084E+00  0.102685735E+05  0.450134387E-08  0.293432742E-08 -0.719122199E-10  
20 E  0.107641537E+05 -0.203206540E+01 -0.391422301E+01  0.306511065E+01  0.110190993E+05 -0.113402082E-06 -0.175524363E-06  0.141503029E-08  
21 E  0.116746737E+05  0.364902649E+01 -0.387832884E+01 -0.397162886E+00  0.118280869E+05 -0.376577008E-05  0.439090009E-06 -0.144521241E-03  
22 E  0.124052123E+05  0.479797892E+01 -0.203227247E+01 -0.109176708E+01  0.124203634E+05  0.111603949E-06  0.700126014E-06 -0.206300865E-07  
23 M  0.125062191E+05  0.777015156E+01 -0.557441024E+01 -0.307087964E+00  0.125988574E+05 -0.851153061E-09 -0.200277533E-09  0.939804332E-10  
24 E  0.131238077E+05  0.370461776E+01  0.425210184E+01 -0.134723898E-02  0.133892826E+05  0.107086842E-07  0.128846745E-07 -0.119167708E-11  
25 E  0.140392383E+05 -0.184302985E+01  0.534632942E+01 -0.105731500E-02  0.141435825E+05  0.374973005E-07 -0.167667043E-07 -0.753748859E-09  
26 E  0.147348662E+05 -0.349129686E+01  0.417019625E+01  0.161069206E+01  0.147688736E+05  0.992718947E-07 -0.130789172E-08 -0.455736832E-08  
27 M  0.149049030E+05 -0.660110127E+01  0.493525937E+01 -0.619339646E-01  0.149908160E+05  0.462103884E-10 -0.820077736E-12 -0.327576414E-12  
28 E  0.154776558E+05 -0.361013492E+01 -0.195390511E+01  0.324834118E+01  0.157686526E+05  0.326364055E-07  0.362305582E-07  0.199194154E-08  
29 E  0.163870208E+05 
================ PARENT CYCLER 5.658Gffh-3    ======================= 
Parent cycler number                                              151 
Approximate search space (synodic periods after J2000)             14 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 44.84 years (km/s)                        0.021349 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        89.4       ******        8.398       11.782       11.782        
 6       125.4        5.496        5.496        7.389        7.389        
11       117.9        7.454        7.454       10.379       10.379        
16        93.3        5.391        5.391        9.504        9.504        
21       140.6        5.807        5.807        8.643        8.643        
26        93.6        6.865        6.864       11.829       11.829        
31       129.7        5.536        5.536        7.531        7.531        
AVERAGE  112.9        6.092        6.421        9.580        9.580        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            11413.934201 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.103379281E+02 -0.758021304E+01 -0.359660039E+01 -0.366940353E+00  0.307644236E+01 -0.293834990E-05 -0.486248633E-06 -0.175200004E-06  
 2 M  0.790912082E+02 -0.567621294E+01 -0.103061558E+02  0.621466340E+00  0.171854237E+03 -0.905927971E-09  0.207814147E-08 -0.130173782E-08  
 228
 3 E  0.697511399E+03 -0.208179055E+01  0.137809933E+01 -0.489403753E+01  0.850919068E+03  0.199862789E-03 -0.104417619E-02 -0.295350144E-04  
 4 E  0.106276775E+04  0.446091929E+01 -0.123078819E+01 -0.296960023E+01  0.131114264E+04 -0.496043381E-04 -0.307197775E-04 -0.198415392E-03  
 5 E  0.142802494E+04  0.514177935E+01 -0.199576941E+01  0.384393532E-02  0.170248157E+04  0.320724445E-05 -0.624589251E-06  0.414105549E-08  
 6 E  0.234288037E+04  0.257853229E+01  0.481559097E+01  0.602316384E+00  0.236168846E+04 -0.286424341E-05 -0.170666434E-05  0.198341493E-06  
 7 M  0.246826767E+04  0.253389671E+01  0.685664245E+01 -0.108066948E+01  0.258038616E+04  0.581994620E-08 -0.407110232E-08  0.409044875E-09  
 8 E  0.302886009E+04 -0.334220077E+01  0.491539380E+01 -0.431322377E+01  0.327723879E+04  0.160458551E-04  0.260768611E-04  0.370585740E-03  
 9 E  0.339412288E+04 -0.781030369E+00 -0.489922058E+00 -0.727100933E+01  0.364980221E+04 -0.118823026E-03  0.467152462E-03  0.119150507E-03  
10 E  0.375937906E+04 -0.251992186E+01  0.421298168E+01 -0.543862082E+01  0.404220227E+04 -0.292651827E-06  0.384171669E-06  0.192998963E-07  
11 E  0.467171201E+04 -0.631159509E+01  0.392552420E+01  0.560883701E+00  0.468939451E+04  0.398103106E-06 -0.382366892E-06 -0.225623465E-07  
12 M  0.478959534E+04 -0.101330528E+02 -0.219065106E+01  0.498909756E+00  0.487461330E+04 -0.169288184E-09 -0.245196630E-09 -0.140344276E-10  
13 E  0.535638173E+04 -0.146076276E+01 -0.511401155E+01 -0.931246744E+00  0.560839929E+04  0.547520544E-05 -0.315265854E-06 -0.248084941E-03  
14 E  0.572162458E+04  0.671932791E-01 -0.118796407E+01 -0.524825285E+01  0.592616736E+04 -0.611529623E-03 -0.179840012E-02 -0.338798328E-03  
15 E  0.608687955E+04 -0.192366988E+01 -0.502715247E+01 -0.151699143E-02  0.634290351E+04 -0.663284346E-07 -0.952109392E-07  0.668162107E-09  
16 E  0.700125084E+04  0.466864752E+01 -0.246801241E+01 -0.108618249E+01  0.701525109E+04 -0.234344098E-06 -0.228966855E-06 -0.620346626E-08  
17 M  0.709458588E+04  0.791864458E+01 -0.524677392E+01 -0.297509366E+00  0.718660177E+04 -0.365770377E-09 -0.100790199E-09  0.414158374E-10  
18 E  0.770802516E+04  0.341980341E+01  0.463639934E+01 -0.422404889E+00  0.796005452E+04 -0.490278928E-06  0.197136354E-06 -0.529185541E-04  
19 E  0.807328510E+04  0.348767307E+00  0.123377081E+01 -0.565145475E+01  0.820112150E+04 -0.560076613E-04  0.103648531E-04 -0.551188728E-05  
20 E  0.843853195E+04  0.381075460E+01  0.436215678E+01 -0.874633802E-02  0.873166903E+04 -0.211748155E-07 -0.599504867E-07 -0.328278858E-10  
21 E  0.935458531E+04 -0.194949118E+01  0.535160114E+01  0.113433344E+01  0.937568041E+04 -0.835487261E-10  0.173716935E-08  0.346796986E-11  
22 M  0.949521928E+04 -0.699853981E+01  0.501972750E+01 -0.722768185E+00  0.977230471E+04  0.425564130E-09 -0.311460895E-09  0.222812310E-09  
23 E  0.100385240E+05 -0.672727960E+01 -0.117136439E+01  0.168283766E+00  0.102430725E+05 -0.108897704E-04 -0.154852917E-04 -0.212891108E-04  
24 E  0.104037891E+05 -0.674412073E+01 -0.116716248E+01 -0.285078046E+00  0.104585761E+05  0.159664279E-05 -0.343556853E-05 -0.182956160E-08  
25 E  0.107690361E+05 -0.411889710E+01 -0.682193788E+00 -0.542114157E+01  0.114783175E+05 -0.430184547E-02  0.558944655E-02 -0.117873351E-02  
26 E  0.116783713E+05 -0.518570894E+01 -0.446891641E+01 -0.504224192E+00  0.116924124E+05 -0.134485658E-05  0.310977310E-05  0.229882359E-06  
27 M  0.117719785E+05 -0.426590176E+01 -0.110200810E+02  0.523646389E+00  0.119841420E+05  0.704519194E-08 -0.148482614E-07  0.157699962E-09  
28 E  0.123959888E+05 -0.321648871E+01  0.118190618E+01 -0.437603779E+01  0.125603536E+05  0.542330668E-03 -0.126345348E-02 -0.962973059E-04  
29 E  0.127612439E+05  0.105749260E+01  0.297552960E+00 -0.544449572E+01  0.129146503E+05 -0.310087379E-03  0.377949893E-03  0.263869042E-05  
30 E  0.131264973E+05  0.545755087E+01 -0.104588903E+01  0.252999618E-02  0.134010104E+05 -0.136708163E-04  0.280341363E-05 -0.885407172E-08  
31 E  0.140415412E+05  0.180440242E+01  0.517065755E+01  0.807084061E+00  0.140609997E+05 -0.535875599E-05  0.110350390E-04 -0.100272574E-05  
32 M  0.141712646E+05  0.107469402E+01  0.734722810E+01 -0.125670232E+01  0.144643174E+05  0.647490558E-08  0.415005431E-07  0.449663877E-07  
33 E  0.147241944E+05 -0.293452865E+01  0.277437568E+01  0.649621061E+01  0.149506557E+05 -0.867778464E-04  0.628772658E-03 -0.217709385E-03  
34 E  0.150894545E+05 -0.486702763E+01  0.588347494E+01 -0.207932220E+00  0.152940026E+05 -0.160991049E-03  0.783071154E-05  0.210729857E-03  
35 E  0.154547190E+05 -0.303411593E+01  0.373393741E+01 -0.595916465E+01  0.157374073E+05 -0.243492782E-04  0.276966356E-04  0.125753487E-05  
36 E  0.163666167E+05 
================ PARENT CYCLER 5.658Gffh+3    ======================= 
Parent cycler number                                              152 
Approximate search space (synodic periods after J2000)             14 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.84 years (km/s)                        0.023134 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        89.4       ******        8.416       11.782       11.782        
 6       125.4        5.495        5.495        7.387        7.387        
11       117.8        7.470        7.462       10.379       10.379        
16        93.3        5.393        5.393        9.505        9.505        
21       140.7        5.800        5.800        8.642        8.642        
26        93.6        6.862        6.862       11.820       11.820        
31       130.3        5.518        5.518        7.503        7.503        
AVERAGE  112.9        6.090        6.421        9.574        9.574        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            11413.934201 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.102273512E+02 -0.759809692E+01 -0.360042825E+01 -0.367433574E+00  0.317529975E+01 -0.300511038E-08 -0.270982784E-09 -0.183836349E-09  
 2 M  0.791236549E+02 -0.567291393E+01 -0.103074483E+02  0.621343095E+00  0.277010117E+03  0.491249711E-09 -0.186563221E-08  0.111493009E-10  
 3 E  0.697518849E+03 -0.255532750E+01  0.156503272E+01 -0.460370889E+01  0.847273922E+03  0.115443939E-03 -0.106383932E-02 -0.475738983E-04  
 4 E  0.106277513E+04  0.413044764E+01 -0.109951258E+01 -0.345936157E+01  0.132210772E+04 -0.386611112E-05  0.108527440E-04 -0.192433362E-03  
 5 E  0.142803230E+04  0.514112462E+01 -0.199483324E+01  0.383026231E-02  0.170248780E+04  0.655941492E-08 -0.128208490E-08  0.877542134E-11  
 6 E  0.234288395E+04  0.257881818E+01  0.481431665E+01  0.602512988E+00  0.236169486E+04 -0.101891130E-05  0.361306898E-05 -0.297543779E-07  
 7 M  0.246828999E+04  0.253121431E+01  0.685547925E+01 -0.107966791E+01  0.271497061E+04  0.125005226E-08 -0.466316041E-08  0.182571304E-09  
 8 E  0.302892776E+04 -0.387428996E+01  0.603076217E+01 -0.157036710E+01  0.327000069E+04  0.190303154E-05  0.353283969E-05  0.134053724E-03  
 9 E  0.339418977E+04 -0.384210621E+01  0.599026337E+01 -0.171135410E+01  0.363526527E+04  0.768766915E-05  0.112773509E-04  0.388670638E-03  
10 E  0.375945567E+04 -0.254273680E+01  0.424811965E+01  0.541826242E+01  0.448018659E+04  0.389890859E-02  0.775017861E-02  0.326321466E-02  
11 E  0.467177329E+04 -0.631740097E+01  0.393218223E+01  0.560767001E+00  0.468944840E+04  0.192679910E-08 -0.179880745E-08 -0.105320467E-09  
12 M  0.478960735E+04 -0.101326566E+02 -0.219171234E+01  0.499235535E+00  0.487462815E+04  0.856121475E-11  0.253000595E-10 -0.132270603E-12  
13 E  0.535641264E+04 -0.120463514E+01 -0.445752936E+01 -0.279601042E+01  0.561208148E+04  0.301101197E-04  0.892669238E-05 -0.645491805E-03  
14 E  0.572165384E+04 -0.145939652E+01 -0.515022468E+01 -0.554067205E+00  0.597369975E+04 -0.909290981E-06 -0.276457259E-06  0.979218324E-04  
15 E  0.608693776E+04 -0.191923971E+01 -0.503135029E+01 -0.151675620E-02  0.633382037E+04  0.271478798E-09  0.472874018E-09 -0.649159236E-11  
16 E  0.700131778E+04  0.466919762E+01 -0.247147520E+01 -0.108629293E+01  0.701530967E+04  0.388847795E-08  0.392423400E-08  0.967381720E-10  
17 M  0.709459706E+04  0.792011366E+01 -0.524713486E+01 -0.296409855E+00  0.718659926E+04  0.274792177E-10  0.107271459E-10  0.204864429E-11  
18 E  0.770794507E+04  0.324373150E+01  0.443119363E+01  0.180747906E+01  0.795997453E+04 -0.753720789E-06  0.404371337E-07  0.234362963E-04  
19 E  0.807320516E+04  0.293584633E+01  0.409797840E+01 -0.286487062E+01  0.832522579E+04  0.550098554E-05 -0.334865755E-06  0.105560034E-03  
20 E  0.843845245E+04  0.381249586E+01  0.435133983E+01 -0.814806043E-02  0.873158049E+04 -0.174736080E-09 -0.597049660E-09 -0.541929043E-11  
21 E  0.935447757E+04 -0.195375482E+01  0.534191985E+01  0.113494231E+01  0.937558649E+04 -0.118097808E-09  0.186613318E-08  0.120159576E-11  
22 M  0.949520368E+04 -0.699762249E+01  0.501998463E+01 -0.721929776E+00  0.964190401E+04 -0.104229235E-10 -0.123540743E-10 -0.122662383E-10  
23 E  0.100385382E+05 -0.672703749E+01 -0.117252298E+01 -0.447347638E-01  0.102796131E+05 -0.714343923E-08 -0.578492623E-07 -0.137846190E-04  
24 E  0.104038032E+05 -0.674246056E+01 -0.116828768E+01 -0.271242161E+00  0.106448663E+05  0.582699622E-08  0.419839268E-07  0.157254371E-05  
25 E  0.107690503E+05 -0.407978011E+01 -0.682623757E+00  0.544799361E+01  0.111145971E+05 -0.363291130E-09  0.998352054E-09  0.193798753E-09  
26 E  0.116783840E+05 -0.518661783E+01 -0.446497687E+01 -0.504567766E+00  0.116924302E+05 -0.235522523E-08  0.537672063E-08  0.400755125E-09  
27 M  0.117720248E+05 -0.425610844E+01 -0.110146898E+02  0.525474670E+00  0.118655709E+05 -0.380145712E-10  0.433351562E-11  0.220361016E-11  
28 E  0.123956658E+05 -0.360213325E+01  0.127799802E+01  0.400008152E+01  0.125198492E+05 -0.157395542E-03 -0.107793881E-02 -0.687821097E-03  
29 E  0.127609110E+05  0.358989715E+01 -0.236136406E+00  0.419698721E+01  0.129727562E+05 -0.286087780E-03  0.422048225E-06 -0.750903503E-05  
30 E  0.131261614E+05  0.543494864E+01 -0.107692360E+01  0.268865787E-02  0.134006542E+05 -0.702614166E-07  0.131643127E-07 -0.361695593E-10  
31 E  0.140411376E+05  0.178227584E+01  0.515954042E+01  0.809468307E+00  0.140606787E+05 -0.366454018E-07  0.110222118E-06 -0.926285212E-08  
32 M  0.141714117E+05  0.105237499E+01  0.732560891E+01 -0.123372545E+01  0.142765906E+05 -0.365883634E-09  0.703696966E-09  0.198292854E-09  
33 E  0.147249851E+05 -0.446457125E+01  0.507768260E+01 -0.340147107E+01  0.149697208E+05  0.162113698E-04  0.462833850E-04  0.790151323E-03  
34 E  0.150902622E+05 -0.488302516E+01  0.576066312E+01 -0.263673881E+00  0.153313354E+05 -0.342768328E-05 -0.108476398E-06  0.196043340E-03  
35 E  0.154555246E+05 -0.306290154E+01  0.369419854E+01  0.586327981E+01  0.157381984E+05 -0.443814745E-06  0.523674745E-06 -0.188300725E-07  
36 E  0.163673757E+05 
================ PARENT CYCLER 5.658Gfh-f3    ======================= 
Parent cycler number                                              153 
Approximate search space (synodic periods after J2000)             16 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 44.95 years (km/s)                        0.141477 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       116.9       ******        5.980        8.686        8.686        
 6       136.5        6.134        6.134        9.099        9.099        
11        89.8        6.369        6.369       11.680       11.680        
16       133.7        5.700        5.699        7.709        7.709        
 229
21       106.5        7.622        7.622       11.388       11.388        
26       125.1        6.323        6.323        8.221        8.221        
31       134.5        6.355        6.355        9.198        9.198        
AVERAGE  120.4        6.417        6.355        9.426        9.426        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            12973.862251 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.401904111E+02  0.580865954E+01  0.108287728E+01 -0.917539801E+00 -0.226523319E+02  0.153993774E-02 -0.461863348E-03 -0.371269379E-04  
 2 M  0.767301173E+02  0.853346029E+01 -0.154000563E+01 -0.502044345E+00  0.168409331E+03 -0.519415357E-05 -0.269102854E-05  0.524650840E-07  
 3 E  0.687924879E+03  0.184414632E+01  0.571910972E+01 -0.101243627E+01  0.742711628E+03 -0.138132370E-03  0.894942703E-05 -0.707320621E-04  
 4 E  0.105316987E+04  0.214110503E+01  0.523497017E+01 -0.230533755E+01  0.132779948E+04 -0.679518212E-04 -0.167617258E-03  0.587866422E-06  
 5 E  0.196860189E+04  0.291419303E+01  0.535015913E+01  0.503019918E+00  0.202339002E+04 -0.131508137E-03  0.627998628E-04 -0.582680346E-05  
 6 E  0.233385609E+04 -0.295912150E+01  0.527545490E+01  0.101847951E+01  0.235432816E+04  0.118566546E-03 -0.160289653E-03 -0.137847495E-04  
 7 M  0.247033657E+04 -0.846449342E+01  0.332268751E+01 -0.316943436E+00  0.265646116E+04  0.198257133E-07 -0.292325505E-07  0.889621176E-08  
 8 E  0.301776186E+04 -0.490538243E+01 -0.260720587E+01 -0.313178439E+01  0.308716046E+04  0.235316851E-04 -0.686719961E-05  0.248034786E-03  
 9 E  0.338301765E+04 -0.373067628E+01 -0.178850275E+01 -0.487964458E+01  0.366489726E+04 -0.451298633E-04 -0.239501546E-04  0.112485564E-05  
10 E  0.429230671E+04 -0.620328458E+01 -0.144021517E+01 -0.255061230E+00  0.434709920E+04 -0.418049877E-05  0.156544086E-04  0.820576971E-07  
11 E  0.465758994E+04 -0.256282167E+01 -0.577623812E+01 -0.796121877E+00  0.467105566E+04 -0.370497978E-04  0.838349879E-05 -0.301104006E-05  
12 M  0.474736143E+04 -0.767961001E+00 -0.116519368E+02  0.243132942E+00  0.504491936E+04  0.135241559E-06 -0.507414528E-06 -0.978773100E-07  
13 E  0.538046342E+04 -0.127598232E+01  0.284420298E+00 -0.554626519E+01  0.543525174E+04 -0.120287819E-03  0.312850853E-03  0.623917824E-04  
14 E  0.574571888E+04  0.521403623E+01  0.116215495E+01 -0.201136607E+01  0.601082739E+04 -0.128538094E-02  0.553325381E-02 -0.821067558E-01  
15 E  0.665988615E+04  0.271827001E+01 -0.351316756E-01  0.499869902E+01  0.690460396E+04  0.778103692E-03 -0.377844282E-03  0.258341108E-04  
16 E  0.702513662E+04  0.963598734E+00  0.551873843E+01  0.104696876E+01  0.704519530E+04 -0.249764307E-03 -0.210975153E-03  0.164407399E-04  
17 M  0.715886121E+04 -0.167089423E+01  0.740886914E+01 -0.131854588E+01  0.728437590E+04  0.688582851E-07 -0.582793369E-08  0.467610016E-07  
18 E  0.770457726E+04 -0.634719752E+01  0.393255881E+01  0.749181245E+00  0.776667314E+04 -0.123554107E-04 -0.535524461E-04  0.112215950E-03  
19 E  0.806984712E+04 -0.382648059E+01  0.240418863E+01 -0.598765004E+01  0.833398057E+04 -0.373901186E-05  0.353604496E-05 -0.686503908E-07  
20 E  0.898065212E+04 -0.457841607E+01  0.515921974E+01  0.328969466E+01  0.909753555E+04  0.225396806E-04  0.395086063E-04  0.125620882E-03  
21 E  0.934591283E+04 -0.755096281E+01  0.101505100E+01  0.221398150E+00  0.936189057E+04 -0.913354941E-05 -0.146713674E-05  0.722569909E-07  
22 M  0.945243115E+04 -0.977944215E+01 -0.579966389E+01  0.634915263E+00  0.963780069E+04 -0.145942257E-07  0.787308852E-08  0.103525483E-07  
23 E  0.100141570E+05  0.732426298E-02 -0.303710400E+01  0.563929984E+01  0.102150471E+05 -0.111353248E-03 -0.949204288E-03  0.740060190E-04  
24 E  0.103794117E+05 -0.753888870E+00 -0.459962838E+01  0.440383892E+01  0.106619513E+05 -0.369050073E-06 -0.343573888E-04 -0.108324492E-05  
25 E  0.112908299E+05  0.230882576E-01  0.292710839E+01 -0.559677884E+01  0.114807622E+05 -0.383426632E-03 -0.182637572E-02  0.234550920E-03  
26 E  0.116560843E+05  0.568272963E+01  0.267853103E+01 -0.716141126E+00  0.116748423E+05 -0.232448808E-04 -0.220702247E-04 -0.177684119E-05  
27 M  0.117811374E+05  0.816435080E+01  0.742475217E+00 -0.607300996E+00  0.118720448E+05  0.559650081E-07  0.374735712E-07 -0.479426972E-08  
28 E  0.123871869E+05  0.726523127E+00  0.609391825E+01 -0.145704422E+01  0.124419733E+05 -0.983963804E-04 -0.114397556E-04 -0.707048998E-04  
29 E  0.127524296E+05  0.102739668E+01  0.539689245E+01 -0.309069165E+01  0.128896544E+05  0.480953169E-06 -0.194154254E-06 -0.545457809E-07  
30 E  0.136672618E+05  0.198854402E+01  0.597032364E+01 -0.834757344E+00  0.137512689E+05  0.518534426E-05 -0.430984064E-06  0.670537213E-05  
31 E  0.140325104E+05 -0.353392754E+01  0.520112158E+01  0.921299772E+00  0.140526845E+05 -0.323069096E-05 -0.173674857E-05  0.295314093E-06  
32 M  0.141670044E+05 -0.897632099E+01  0.198593020E+01  0.284695768E+00  0.144917426E+05 -0.910266622E-06 -0.884883601E-06  0.592941842E-06  
33 E  0.147367205E+05 -0.262545851E+01 -0.401306666E+01  0.180637834E+01  0.148024699E+05 -0.344624827E-03  0.712160442E-04  0.859414414E-03  
34 E  0.151019952E+05 -0.263096909E+01 -0.341356356E+01 -0.279983924E+01  0.153932168E+05 -0.905755829E-04 -0.218427749E-03  0.580391450E-05  
35 E  0.160120627E+05 -0.358060074E+01 -0.359784264E+01  0.586193006E+00  0.160668539E+05  0.167744844E-03 -0.153447258E-03 -0.172879283E-04  
36 E  0.163773375E+05 
================ PARENT CYCLER 5.658Gfh+f3    ======================= 
Parent cycler number                                              154 
Approximate search space (synodic periods after J2000)             17 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.64 years (km/s)                        0.243765 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        90.6       ******       12.972        7.476        7.476        
 6       115.0        7.962        7.962       10.386       10.386        
11        93.1        5.397        5.397        9.504        9.504        
16       140.7        5.801        5.801        8.641        8.641        
21        93.8        6.856        6.856       11.786       11.786        
26       132.3        5.409        5.476        7.443        7.443        
31       114.7        7.517        7.517       10.610       10.610        
AVERAGE  111.5        6.490        7.426        9.407        9.407        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13753.826276 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.616339349E+02  0.996884630E+01  0.825985267E+01  0.814270461E+00  0.752269337E+02 -0.194388019E-08 -0.223774248E-07  0.631179919E-09  
 2 M  0.152253927E+03  0.119460633E+01  0.725169794E+01 -0.137178077E+01  0.238724356E+03  0.614033205E-10 -0.468857952E-10  0.938170584E-11  
 3 E  0.692694108E+03 -0.465458931E+01  0.626650613E+01  0.463957356E+00  0.930119405E+03 -0.196649959E-06 -0.478659934E-06  0.602862492E-04  
 4 E  0.105796380E+04 -0.285640386E+01  0.391311679E+01  0.612638036E+01  0.133159276E+04 -0.315832603E-08  0.593544819E-08 -0.917420633E-12  
 5 E  0.197006035E+04 -0.283162182E+01  0.745822839E+01 -0.291054330E+00  0.209424774E+04  0.111557476E-06  0.516602844E-07 -0.103256002E-04  
 6 E  0.233531738E+04 -0.667064881E+01  0.431088248E+01  0.555944919E+00  0.235256591E+04 -0.714430230E-08  0.677516481E-09 -0.816696569E-10  
 7 M  0.245030762E+04 -0.101288664E+02 -0.223924554E+01  0.501280779E+00  0.253526573E+04  0.157512794E-09  0.275899943E-09 -0.214090304E-10  
 8 E  0.301669499E+04 -0.114326580E+01 -0.433868856E+01  0.300482673E+01  0.327236403E+04  0.306250433E-04  0.109739959E-05  0.479606954E-03  
 9 E  0.338193648E+04 -0.188535548E+01 -0.504531937E+01 -0.249322174E-02  0.366541589E+04 -0.797965423E-07 -0.839630562E-06 -0.122258472E-09  
10 E  0.429638619E+04 -0.213326661E+01 -0.475308600E+01 -0.141546928E+01  0.441326237E+04  0.158034281E-04 -0.726208863E-05  0.368864716E-03  
11 E  0.466162428E+04  0.466799592E+01 -0.248097777E+01 -0.108636865E+01  0.467559647E+04 -0.745879523E-06 -0.827895684E-06 -0.156175519E-07  
12 M  0.475477222E+04  0.792247025E+01 -0.524087168E+01 -0.296504134E+00  0.484676611E+04 -0.141331635E-08 -0.368816735E-09  0.161435030E-09  
13 E  0.536806485E+04  0.329980898E+01  0.449530037E+01 -0.153162748E+01  0.562009431E+04 -0.233756306E-05 -0.227972104E-06 -0.928918413E-04  
14 E  0.573332494E+04  0.383318843E+01  0.435409557E+01 -0.419782787E-01  0.600812717E+04 -0.333235215E-07 -0.544588030E-07 -0.210889895E-10  
15 E  0.664933239E+04  0.417734472E+01  0.399138584E+01 -0.186402617E+00  0.676256496E+04 -0.152500882E-06  0.240353244E-07 -0.990681744E-05  
16 E  0.701459875E+04 -0.195267599E+01  0.534297759E+01  0.113485208E+01  0.703570740E+04  0.477231012E-08 -0.138304106E-06 -0.869518007E-10  
17 M  0.715532305E+04 -0.699767776E+01  0.501852353E+01 -0.720172141E+00  0.726399615E+04  0.107072226E-09 -0.231870366E-10  0.152582407E-10  
18 E  0.769868854E+04 -0.650100720E+01 -0.116340320E+01 -0.172067116E+01  0.793976338E+04 -0.159667375E-05 -0.266205674E-05  0.256949824E-04  
19 E  0.806395345E+04 -0.409568322E+01 -0.665710546E+00  0.544181233E+01  0.834584529E+04 -0.515747503E-06 -0.135043147E-06 -0.211338751E-07  
20 E  0.897328198E+04 -0.663514048E+01  0.608793047E+00  0.166378662E+01  0.909382006E+04  0.402753314E-06  0.611206913E-05  0.102268285E-03  
21 E  0.933854889E+04 -0.519101102E+01 -0.444960643E+01 -0.505952812E+00  0.935261426E+04 -0.162829217E-06  0.359076268E-06  0.264204626E-07  
22 M  0.943231800E+04 -0.421673234E+01 -0.109935969E+02  0.530244920E+00  0.963777572E+04  0.282289579E-02 -0.612081636E-02 -0.869289395E-05  
23 E  0.100549171E+05 -0.954902139E+00  0.724546515E+00 -0.528157325E+01  0.102156292E+05  0.784600013E-03 -0.125950136E-02 -0.492679071E-04  
24 E  0.104201718E+05  0.506573629E+01 -0.108814441E+01 -0.157492539E+01  0.110689033E+05  0.348277253E-02  0.957626160E-02 -0.650430020E-01  
25 E  0.113338782E+05  0.258353076E+01 -0.113068155E+01  0.462771262E+01  0.114909404E+05  0.932733972E-04 -0.232521312E-03 -0.112805181E-04  
26 E  0.116991391E+05  0.166066615E+01  0.515439625E+01  0.815734383E+00  0.117189815E+05 -0.237966003E-06 -0.665974330E-06  0.344880348E-07  
27 M  0.118314213E+05  0.102930289E+01  0.727605363E+01 -0.118297649E+01  0.119369283E+05 -0.390905925E-09  0.796047474E-09 -0.169990458E-10  
28 E  0.123867209E+05 -0.493047519E+01  0.550818385E+01 -0.624939740E-01  0.126278046E+05 -0.941387405E-08 -0.445354028E-07 -0.378410162E-04  
29 E  0.127519992E+05 -0.309520202E+01  0.360059597E+01  0.565790468E+01  0.130164068E+05  0.128851970E-07 -0.176896720E-07  0.145042311E-09  
30 E  0.136637496E+05 -0.338347867E+01  0.672873711E+01  0.281760299E+00  0.137879369E+05  0.132622742E-05  0.709009046E-06  0.147669706E-03  
31 E  0.140290063E+05 -0.685618441E+01  0.305057198E+01  0.434746053E+00  0.140462096E+05  0.341920830E-07 -0.899844846E-08 -0.237476852E-08  
32 M  0.141436946E+05 -0.997323084E+01 -0.356109839E+01  0.658911253E+00  0.142306014E+05  0.996989667E-11 -0.313663200E-10  0.177906544E-11  
33 E  0.147230730E+05  0.192068525E+00 -0.496985673E+01  0.690267799E+00  0.149751197E+05 -0.417648121E-05 -0.276798358E-05 -0.395818523E-03  
34 E  0.150883581E+05 -0.252519993E+00 -0.502267113E+01 -0.122027929E-01  0.154170183E+05 -0.322951573E-08 -0.531939455E-09  0.188860122E-10  
35 E  0.160013031E+05 -0.623901152E+00 -0.498153731E+01 -0.342039241E+00  0.161145356E+05  0.272384672E-06 -0.312414037E-07  0.228114839E-04  
36 E  0.163665691E+05 
================ PARENT CYCLER 5.658Gfh-f3    ======================= 
Parent cycler number                                              155 
Approximate search space (synodic periods after J2000)              1 
 230
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 44.72 years (km/s)                        0.019589 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        68.4       ******        9.614        8.538        8.538        
 6       132.7        6.603        6.605        8.901        8.901        
11        88.8        6.866        6.865       12.676       12.676        
16       169.1        7.842        7.841        7.391        7.391        
21       113.5        7.117        7.117       11.022       11.022        
26       115.0        5.837        5.837        8.625        8.625        
31       136.9        6.216        6.216        8.913        8.913        
AVERAGE  117.8        6.747        7.156        9.438        9.438        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             1274.401875 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.358979740E+02  0.785351490E+01 -0.546175490E+01 -0.959996855E+00  0.461609307E+02  0.196757279E-03  0.594971485E-04 -0.984736863E-05  
 2 M  0.104317685E+03  0.846284597E+01 -0.103710397E+01 -0.453968754E+00  0.193065213E+03 -0.488977769E-06 -0.583816194E-06 -0.424407321E-07  
 3 E  0.695967871E+03  0.556091035E+01  0.154896854E+00 -0.328236555E+01  0.114888068E+04  0.489791939E-04  0.138197329E-04 -0.152501354E-04  
 4 E  0.142647240E+04 -0.636414625E+00  0.301195492E+00 -0.640745764E+01  0.145423598E+04  0.209420227E-04 -0.110182625E-04 -0.528129556E-05  
 5 E  0.161156290E+04 -0.487573262E+01  0.774946689E+00  0.439928694E+01  0.185993629E+04  0.912343612E-03  0.231782834E-03  0.135403188E-03  
 6 E  0.234207286E+04 -0.222525482E+01  0.612714006E+01  0.106440765E+01  0.236197870E+04 -0.225732439E-04  0.931601318E-05 -0.148014955E-05  
 7 M  0.247477841E+04 -0.775173998E+01  0.432979735E+01 -0.630827813E+00  0.258323648E+04  0.176547476E-07  0.734571736E-08  0.840421782E-09  
 8 E  0.301706875E+04 -0.403923177E+01  0.413008503E+01 -0.363575779E+01  0.347729223E+04 -0.120465080E-03  0.174792463E-04  0.312350097E-05  
 9 E  0.374758221E+04  0.106006444E+00 -0.787426074E+00 -0.678685633E+01  0.378869696E+04  0.548396994E-07 -0.379571658E-07  0.106964748E-07  
10 E  0.392634201E+04  0.801023292E+00 -0.463539508E+01  0.498168738E+01  0.424776677E+04  0.271504469E-03 -0.200293399E-03  0.900046990E-04  
11 E  0.465685283E+04 -0.396216592E+01 -0.557429657E+01 -0.599002223E+00  0.467016670E+04  0.519121144E-07  0.908519813E-07 -0.778635765E-08  
12 M  0.474561194E+04 -0.395032551E+01 -0.120007530E+02  0.103371183E+01  0.498429969E+04 -0.281430508E-10 -0.608643178E-10 -0.174338854E-11  
13 E  0.531391610E+04 -0.212532345E+01 -0.584531856E+01 -0.515665986E+01  0.574492264E+04  0.154006300E-03 -0.850779119E-03  0.160936176E-03  
14 E  0.604443567E+04  0.982874504E+00  0.433055340E+00 -0.801711435E+01  0.607194455E+04  0.182143719E-06 -0.430360791E-07  0.406532639E-07  
15 E  0.622782820E+04  0.271655689E+01  0.499502990E+01  0.538431248E+01  0.668074442E+04 -0.815935717E-04  0.425332496E-03 -0.817356092E-04  
16 E  0.695833824E+04  0.131190187E+01  0.757083165E+01  0.156344969E+01  0.698370398E+04 -0.158655083E-06  0.497236610E-07  0.752862363E-09  
17 M  0.712744318E+04  0.143922959E+01  0.718095658E+01 -0.995136125E+00  0.721371291E+04 -0.188482302E-09  0.482435529E-09 -0.334070074E-10  
18 E  0.770257475E+04  0.151537193E+01  0.583902280E+01 -0.333193735E+01  0.825780060E+04  0.134904557E-03  0.109751994E-03  0.170906705E-02  
19 E  0.843313508E+04 -0.635985596E+00 -0.485300105E+00 -0.685001380E+01  0.846028825E+04  0.450088932E-06 -0.188618594E-06 -0.581825760E-07  
20 E  0.861415621E+04 -0.421219111E+01 -0.204913048E+01  0.534950103E+01  0.887713795E+04  0.487167908E-04  0.131381548E-03 -0.699021901E-04  
21 E  0.934466104E+04 -0.684707260E+01  0.190813100E+01  0.359350593E+00  0.936169260E+04 -0.734049399E-07  0.406868157E-06  0.666574746E-08  
22 M  0.945820478E+04 -0.100848877E+02 -0.441235786E+01  0.566960039E+00  0.975106525E+04 -0.268864470E-08 -0.603902104E-08  0.267816014E-08  
23 E  0.100213980E+05 -0.515988284E+01 -0.348704655E+00 -0.308375488E+01  0.102916903E+05  0.440530130E-03  0.242457121E-03 -0.569887848E-04  
24 E  0.107519176E+05  0.583063510E+00 -0.176235192E+00 -0.597538116E+01  0.107790175E+05  0.132000991E-05 -0.390104209E-05  0.490459696E-06  
25 E  0.109325831E+05  0.554690314E+01  0.915383655E+00  0.156762047E+01  0.114804643E+05  0.267291577E-04 -0.524076727E-04  0.169651867E-03  
26 E  0.116630913E+05  0.566489768E+01  0.108878119E+01 -0.890182428E+00  0.116803370E+05  0.201054279E-05  0.247765819E-05 -0.211780903E-06  
27 M  0.117780625E+05  0.850142035E+01 -0.136086353E+01 -0.516695280E+00  0.118757822E+05 -0.186621916E-08  0.290716235E-08  0.244037195E-09  
28 E  0.123888106E+05  0.462072711E+01 -0.184794661E+01 -0.346339733E+01  0.126737080E+05 -0.439125946E-03 -0.149283803E-03 -0.383218560E-04  
29 E  0.131193168E+05 -0.584471380E+00  0.221476320E+00 -0.601861667E+01  0.131470439E+05 -0.155354759E-06  0.172800246E-06  0.435431773E-07  
30 E  0.133041641E+05 -0.338365708E+01  0.456026716E+01  0.253621012E+01  0.134648812E+05  0.536776298E-04 -0.185117790E-04  0.692989219E-03  
31 E  0.140346965E+05 -0.285006249E+01  0.543168342E+01  0.100572242E+01  0.140552388E+05  0.473375634E-06 -0.339762366E-06 -0.395416049E-07  
32 M  0.141716453E+05 -0.837836757E+01  0.304104027E+01  0.368969767E-01  0.145358166E+05 -0.866562024E-07 -0.423724883E-07  0.717367064E-07  
33 E  0.147319088E+05 -0.202649969E+01  0.466993001E+01 -0.181873764E+01  0.150095049E+05 -0.407771287E-03  0.115838927E-03 -0.696618033E-04  
34 E  0.154624249E+05  0.267958697E+00 -0.398755980E+00 -0.540205078E+01  0.154892775E+05  0.171638687E-04  0.532599424E-04 -0.620833089E-05  
35 E  0.156414421E+05  0.397859758E+01 -0.343498103E+01  0.104187820E+01  0.157729267E+05 -0.194096616E-04 -0.830732407E-05 -0.640715110E-03  
36 E  0.163719124E+05 
================ PARENT CYCLER 5.658Gfh+f3    ======================= 
Parent cycler number                                              156 
Approximate search space (synodic periods after J2000)              1 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 44.74 years (km/s)                        0.024816 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        69.8       ******        8.954        8.590        8.589        
 6       133.1        6.550        6.550        8.900        8.900        
11        88.8        6.865        6.864       12.677       12.677        
16       169.1        7.842        7.841        7.390        7.390        
21       113.5        7.117        7.117       11.023       11.023        
26       115.0        5.840        5.840        8.627        8.627        
31       137.1        6.207        6.207        8.897        8.897        
AVERAGE  118.1        6.737        7.053        9.443        9.443        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             1274.401875 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.316434779E+02  0.736646228E+01 -0.499707620E+01 -0.972694079E+00  0.421160569E+02  0.835908002E-03 -0.626965977E-03 -0.747298559E-04  
 2 M  0.101460671E+03  0.848092442E+01 -0.128489683E+01 -0.448661983E+00  0.190547114E+03 -0.704204373E-05 -0.775474615E-05 -0.379477569E-06  
 3 E  0.695370293E+03  0.539864793E+01 -0.244897752E+00  0.342077565E+01  0.804946369E+03 -0.158273659E-03 -0.267599090E-04 -0.729081451E-06  
 4 E  0.142587747E+04 -0.622648242E+00  0.302004770E+00  0.634386441E+01  0.145364587E+04  0.999878622E-04 -0.736273423E-04  0.269594396E-04  
 5 E  0.161100014E+04 -0.265729199E+01  0.533606799E+01 -0.271029692E+01  0.176441672E+04  0.482839811E-03 -0.130892349E-04 -0.116661969E-02  
 6 E  0.234155529E+04 -0.223334810E+01  0.606423663E+01  0.106627086E+01  0.236152608E+04 -0.970240531E-04  0.578510660E-04 -0.576192753E-05  
 7 M  0.247469389E+04 -0.774816509E+01  0.433397310E+01 -0.630582782E+00  0.258316539E+04  0.783473021E-07  0.309226150E-07  0.108746144E-07  
 8 E  0.301705138E+04 -0.425434751E+01  0.409687189E+01  0.342041313E+01  0.312662970E+04  0.158414593E-03 -0.162050903E-03  0.214087247E-03  
 9 E  0.374757351E+04  0.105781831E+00 -0.786510308E+00  0.678548026E+01  0.379226313E+04  0.205125806E-06 -0.127664762E-06 -0.365706598E-07  
10 E  0.392633200E+04  0.171132267E+01 -0.451955641E+01 -0.485684802E+01  0.423314600E+04  0.236913742E-04 -0.193901832E-03 -0.866627013E-04  
11 E  0.465684152E+04 -0.396092834E+01 -0.557395734E+01 -0.598944229E+00  0.467015649E+04  0.200976858E-06  0.349757427E-06 -0.301797233E-07  
12 M  0.474560804E+04 -0.395091309E+01 -0.120007992E+02  0.103380251E+01  0.486495121E+04  0.592271384E-09 -0.293164068E-08 -0.549333350E-09  
13 E  0.531390884E+04 -0.217328503E+01 -0.573820485E+01  0.525696968E+01  0.578874446E+04  0.983577993E-05 -0.784481905E-03 -0.129660737E-03  
14 E  0.604442518E+04  0.983260292E+00  0.433791234E+00  0.801891576E+01  0.607193403E+04  0.931191931E-05 -0.209540814E-05 -0.209327178E-05  
15 E  0.622781748E+04  0.231588549E+01  0.587435387E+01 -0.463015974E+01  0.670265146E+04  0.268272792E-03  0.202325051E-03  0.364635838E-03  
16 E  0.695833129E+04  0.131232320E+01  0.757053822E+01  0.156404868E+01  0.698369893E+04 -0.851189519E-05  0.267621768E-05  0.396353306E-07  
17 M  0.712744886E+04  0.143845494E+01  0.718036114E+01 -0.994666449E+00  0.742077775E+04 -0.845366673E-06  0.189903990E-05 -0.151547432E-06  
18 E  0.770260354E+04  0.215067146E+01  0.502037606E+01  0.419859344E+01  0.821397016E+04  0.658273019E-04  0.539628867E-03 -0.421987015E-03  
19 E  0.843312728E+04 -0.635564789E+00 -0.484104427E+00  0.685023351E+01  0.846028048E+04  0.435462713E-05 -0.184279837E-05  0.561075617E-06  
20 E  0.861414865E+04 -0.411829487E+01 -0.217464507E+01 -0.537207358E+01  0.880408104E+04  0.970876485E-04  0.176446028E-03  0.613728320E-04  
21 E  0.934465786E+04 -0.684692119E+01  0.190770082E+01  0.359389171E+00  0.936168931E+04 -0.639038179E-06  0.357389951E-05  0.586594146E-07  
22 M  0.945820086E+04 -0.100856371E+02 -0.441200088E+01  0.566687302E+00  0.954267572E+04 -0.460761337E-09 -0.494748269E-09 -0.226219880E-09  
23 E  0.100213666E+05 -0.549684695E+01 -0.146445793E+01  0.198059123E+01  0.105692329E+05 -0.530630372E-04  0.112281201E-03  0.519525550E-03  
24 E  0.107518550E+05  0.583805018E+00 -0.176415230E+00  0.598041987E+01  0.107789540E+05 -0.242164945E-05  0.779979905E-05  0.934628236E-06  
25 E  0.109325150E+05  0.546590506E+01  0.655577075E+00 -0.194613946E+01  0.110567014E+05 -0.133149341E-04 -0.135741879E-05 -0.958059788E-04  
26 E  0.116630235E+05  0.566751511E+01  0.108903100E+01 -0.890673292E+00  0.116802741E+05 -0.419482654E-05 -0.500470987E-05  0.426528682E-06  
27 M  0.117780273E+05  0.850229207E+01 -0.136433964E+01 -0.516302742E+00  0.118696392E+05  0.478455837E-10 -0.202038352E-07 -0.762368692E-09  
28 E  0.123887732E+05  0.542366658E+01  0.978947549E-01  0.271219571E+01  0.125933160E+05 -0.715766045E-03 -0.193178922E-03 -0.117911088E-05  
29 E  0.131192832E+05 -0.583889608E+00  0.222715682E+00  0.601707545E+01  0.131470110E+05  0.880151521E-05 -0.999039941E-05  0.248844934E-05  
 231
30 E  0.133041353E+05 -0.411810836E+01  0.267786320E+01 -0.380703397E+01  0.135159837E+05  0.535396300E-03  0.625696794E-04  0.115797102E-04  
31 E  0.140346470E+05 -0.284163909E+01  0.542604415E+01  0.100527175E+01  0.140552175E+05 -0.968059762E-05  0.715053706E-05  0.816032113E-06  
32 M  0.141717835E+05 -0.836957583E+01  0.301520184E+01  0.850842210E-01  0.145375999E+05 -0.799298547E-06 -0.300690345E-06  0.542754166E-06  
33 E  0.147345780E+05 -0.185456554E+01  0.489102026E+01  0.800519094E+00  0.148441495E+05  0.142621070E-03 -0.789846141E-04 -0.201692096E-03  
34 E  0.154650546E+05  0.272184295E+00 -0.374870546E+00  0.528519791E+01  0.154919174E+05  0.109508801E-04 -0.578659827E-03 -0.839060167E-04  
35 E  0.156441400E+05  0.255455910E+01 -0.443363698E+01 -0.110009960E+01  0.157537156E+05 -0.597678092E-03  0.423161440E-03  0.296888802E-04  
36 E  0.163746442E+05 
================ PARENT CYCLER 5.658Gfh-ff3   ======================= 
Parent cycler number                                              157 
Approximate search space (synodic periods after J2000)             17 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 44.73 years (km/s)                        0.018009 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        97.0       ******        9.708        7.412        7.412        
 7       115.7        7.823        7.823       10.394       10.394        
13        96.3        5.333        5.333        9.528        9.528        
19       140.3        5.835        5.835        8.646        8.646        
25        93.6        6.864        6.864       11.849       11.849        
31       129.0        5.538        5.538        7.438        7.438        
37       113.4        7.627        7.627       10.735       10.735        
AVERAGE  112.2        6.503        6.961        9.429        9.429        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13753.826276 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.458762234E+02  0.742231840E+01  0.621612328E+01  0.719232916E+00  0.604280498E+02 -0.403622041E-07 -0.111815073E-06  0.526502658E-08  
 2 M  0.142888399E+03  0.171042462E+01  0.710795761E+01 -0.122228492E+01  0.241675686E+03 -0.281332958E-09  0.208608101E-09  0.312332227E-10  
 3 E  0.691706658E+03  0.283400119E+01  0.449547108E+01 -0.539473189E+01  0.114462511E+04 -0.971850360E-04  0.423144745E-03  0.101339198E-03  
 4 E  0.142222028E+04 -0.874861424E+00 -0.444582386E+00 -0.751954625E+01  0.144946762E+04  0.200153265E-07  0.389270399E-08 -0.512305869E-08  
 5 E  0.160386918E+04 -0.763325197E+00  0.370031390E+01  0.686201631E+01  0.187780835E+04  0.315797046E-03 -0.939341192E-03 -0.247050092E-03  
 6 E  0.196912141E+04 -0.267612563E+01  0.736737863E+01  0.290341902E+00  0.209330790E+04 -0.345328799E-06 -0.120536448E-06 -0.375549847E-04  
 7 E  0.233437577E+04 -0.657401636E+01  0.420311956E+01  0.557807241E+00  0.235172985E+04 -0.201663299E-07  0.602572288E-08  0.865290515E-10  
 8 M  0.245006961E+04 -0.101434191E+02 -0.221629490E+01  0.489358182E+00  0.253489439E+04  0.159319941E-09  0.294513724E-09 -0.209371447E-10  
 9 E  0.301556815E+04 -0.380791529E+01  0.377943354E+01 -0.100792168E+01  0.316896572E+04 -0.198357587E-04  0.777177008E-05  0.695467900E-03  
10 E  0.374603278E+04  0.449314239E+00 -0.181634050E+00 -0.544687828E+01  0.381817856E+04  0.836820880E-07  0.554950609E-06 -0.250858448E-07  
11 E  0.392639723E+04 -0.251427937E+01 -0.467889747E+01  0.339669868E+00  0.404328335E+04  0.591630669E-06  0.988733667E-07  0.211313805E-04  
12 E  0.429166634E+04 -0.202851218E+01 -0.348369036E+01 -0.347509462E+01  0.440123856E+04  0.550680985E-04 -0.278129591E-04  0.510070278E-03  
13 E  0.465690706E+04  0.470123571E+01 -0.227081260E+01 -0.108599981E+01  0.467135775E+04 -0.651410854E-06  0.258214995E-06 -0.542507887E-07  
14 M  0.475324501E+04  0.786192335E+01 -0.537508382E+01 -0.300909427E+00  0.484550014E+04 -0.103226872E-08 -0.255993218E-09  0.119412557E-09  
15 E  0.536827921E+04  0.379662305E+01 -0.328388336E+01 -0.274740449E+01  0.563126205E+04 -0.142728040E-03  0.132575651E-04 -0.209784115E-04  
16 E  0.609878712E+04 -0.429618832E+00  0.364185738E+00 -0.567728566E+01  0.612665386E+04  0.434700061E-08  0.791784385E-07  0.948247619E-08  
17 E  0.628456545E+04  0.842705706E+00  0.140965727E+00  0.575231609E+01  0.641240619E+04  0.279647899E-03 -0.721476854E-04  0.218208326E-04  
18 E  0.664982470E+04  0.398475600E+01  0.382795621E+01  0.181562615E+01  0.676305687E+04  0.127156554E-04 -0.130292333E-04  0.294044337E-03  
19 E  0.701508976E+04 -0.193425817E+01  0.538762464E+01  0.113213687E+01  0.703613323E+04  0.876328455E-08 -0.711173959E-07 -0.534014864E-09  
20 M  0.715537956E+04 -0.700193556E+01  0.501951903E+01 -0.726809245E+00  0.726944691E+04  0.141975958E-10  0.122317240E-10 -0.122616915E-10  
21 E  0.769855741E+04 -0.408382835E+01  0.451859156E+01 -0.311261912E+01  0.825374360E+04  0.681609301E-05 -0.123860009E-04 -0.226526359E-03  
22 E  0.842906556E+04  0.311929213E-01 -0.798776329E+00 -0.678957113E+01  0.845588890E+04 -0.105543591E-07 -0.545285229E-08  0.129328574E-08  
23 E  0.860788784E+04 -0.196398593E+01  0.760025921E+00  0.654934093E+01  0.879051530E+04  0.154145501E-02 -0.993675657E-03  0.314517422E-03  
24 E  0.897314276E+04 -0.596784546E+01  0.642003854E+00  0.335179820E+01  0.909002838E+04  0.213488487E-05  0.389710171E-04  0.322784570E-03  
25 E  0.933841033E+04 -0.517878525E+01 -0.447725260E+01 -0.503260915E+00  0.935244359E+04  0.338839752E-08 -0.862290576E-08 -0.641077686E-09  
26 M  0.943196541E+04 -0.429061099E+01 -0.110327887E+02  0.519502315E+00  0.952569611E+04 -0.665817146E-10  0.127239360E-09  0.205139563E-11  
27 E  0.100568367E+05  0.279134585E+00 -0.507609096E+01 -0.239465151E+01  0.103636508E+05  0.264990887E-03 -0.336101940E-03  0.210896007E-04  
28 E  0.107873463E+05  0.101304916E+00  0.525268341E+00 -0.559627863E+01  0.108190012E+05 -0.529404919E-07  0.114609273E-06  0.197322236E-07  
29 E  0.109735515E+05  0.365446507E+01 -0.110272506E+01  0.402968730E+01  0.111342633E+05 -0.600770044E-03  0.134677423E-02  0.103512999E-03  
30 E  0.113388056E+05  0.534938263E+01 -0.134877982E+01  0.480203123E+00  0.114520398E+05  0.356166374E-08 -0.341537771E-06  0.913556952E-05  
31 E  0.117040773E+05  0.198887863E+01  0.510435054E+01  0.813348507E+00  0.117234276E+05  0.150867277E-06 -0.649592503E-07  0.116654276E-07  
32 M  0.118330792E+05  0.929030071E+00  0.728343698E+01 -0.119041843E+01  0.119383878E+05  0.286951152E-09 -0.576699001E-09  0.913849327E-10  
33 E  0.123873350E+05  0.266628540E+01  0.429488019E+01 -0.538743954E+01  0.128840872E+05 -0.226305680E-03  0.654426101E-03  0.197174285E-03  
34 E  0.131178530E+05 -0.775392826E+00 -0.525055263E+00 -0.733729226E+01  0.131450338E+05  0.523441709E-06  0.262305191E-06 -0.149663920E-06  
35 E  0.132990588E+05 -0.284618346E+01  0.588812096E+01  0.392886220E+01  0.134195863E+05 -0.112611480E-03 -0.638042059E-04 -0.916835910E-03  
36 E  0.136642938E+05 -0.225884463E+01  0.500479013E+01  0.531451563E+01  0.137775237E+05  0.151859474E-05  0.139832617E-05  0.571629627E-05  
37 E  0.140295514E+05 -0.696833051E+01  0.306835307E+01  0.441846787E+00  0.140465663E+05 -0.670134713E-06  0.110471448E-06  0.476543861E-07  
38 M  0.141429837E+05 -0.101104406E+02 -0.352808569E+01  0.752515219E+00  0.142861295E+05 -0.115063851E-09  0.557652861E-10  0.872939476E-11  
39 E  0.147394248E+05 -0.459158770E+01 -0.205126521E+01 -0.191320903E+01  0.151265979E+05 -0.125304649E-03 -0.533229084E-03  0.582238084E-04  
40 E  0.154699400E+05  0.451640989E+00  0.115958596E+00 -0.536391242E+01  0.155448330E+05 -0.983060184E-07  0.305831160E-06 -0.422282186E-08  
41 E  0.156526059E+05  0.775545382E+00 -0.510288069E+01  0.699784803E+00  0.157658361E+05 -0.169014132E-05  0.454781384E-08  0.899904396E-04  
42 E  0.160178644E+05  0.755857045E+00 -0.511705197E+01 -0.670916604E+00  0.161310873E+05 -0.162038928E-06 -0.449153997E-07 -0.537029213E-05  
43 E  0.163830997E+05 
================ PARENT CYCLER 5.658Gfh+ff3   ======================= 
Parent cycler number                                              158 
Approximate search space (synodic periods after J2000)              7 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 44.96 years (km/s)                        0.015256 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        86.7       ******        7.435       11.855       11.855        
 7       128.5        5.767        5.767        7.566        7.566        
13       107.7        7.753        7.753       11.502       11.502        
19        80.9        6.925        6.925        8.223        8.223        
25       131.5        6.730        6.730        9.113        9.113        
31        90.0        6.353        6.353       11.632       11.632        
37       139.2        5.552        5.552        7.096        7.096        
AVERAGE  109.2        6.513        6.645        9.569        9.569        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             5954.186026 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.148665529E+02 -0.489587058E+01 -0.555711866E+01 -0.658906708E+00 -0.186888927E+01 -0.102305459E-03  0.288618590E-05  0.525213600E-07  
 2 M  0.717845381E+02 -0.271548352E+01 -0.115335403E+02  0.385751427E+00  0.229357481E+03 -0.238523908E-07 -0.203087506E-07 -0.988341960E-10  
 3 E  0.702076308E+03 -0.255992453E+01 -0.501021274E+01  0.151010304E+01  0.870093855E+03 -0.528391834E-05  0.921658271E-05  0.521878340E-04  
 4 E  0.143258738E+04 -0.245340660E-01  0.576714927E+00  0.578071615E+01  0.146055535E+04  0.309523636E-05  0.736493581E-06 -0.113596858E-06  
 5 E  0.161904047E+04  0.527859178E+01 -0.209750253E+00 -0.233312766E+01  0.172861714E+04  0.467572845E-05  0.424199320E-05  0.172316921E-03  
 6 E  0.198429605E+04  0.574641074E+01 -0.176175867E+00 -0.262667192E+00  0.207561451E+04 -0.124481480E-05  0.497796900E-05  0.748039906E-05  
 7 E  0.234956988E+04  0.184660716E+01  0.538427341E+01  0.924457160E+00  0.236884027E+04 -0.405824083E-05 -0.107543337E-05  0.141818850E-06  
 8 M  0.247803914E+04 -0.290614862E+00  0.744854760E+01 -0.129286852E+01  0.258777676E+04  0.900012168E-09 -0.238038475E-08  0.127929233E-09  
 9 E  0.302672725E+04  0.198958269E+01  0.470392853E+01  0.552483185E+01  0.353809024E+04 -0.167170789E-03  0.621828508E-03 -0.240746393E-03  
10 E  0.375724581E+04 -0.730547372E+00 -0.625945288E+00  0.747413421E+01  0.378436495E+04 -0.217760565E-07 -0.187290875E-08 -0.477397672E-08  
11 E  0.393804005E+04 -0.132978384E+01  0.307655801E+01 -0.699972035E+01  0.420467615E+04 -0.115608049E-04  0.516948444E-04 -0.242623038E-04  
12 E  0.430329498E+04 -0.421939476E+01  0.642587762E+01 -0.112088250E+01  0.441652299E+04  0.173360736E-06  0.273403918E-06  0.896054114E-06  
 232
13 E  0.466854663E+04 -0.746681951E+01  0.205236489E+01  0.383917856E+00  0.468469595E+04  0.192064322E-07 -0.124309731E-07  0.101514546E-08  
14 M  0.477620876E+04 -0.106151710E+02 -0.434642999E+01  0.851548030E+00  0.486905377E+04 -0.258483377E-08 -0.426373792E-08  0.145438115E-09  
15 E  0.539517548E+04 -0.408480622E+01 -0.217261527E+01  0.546630863E+01  0.592845292E+04  0.201684843E-04 -0.914929280E-04 -0.302693719E-04  
16 E  0.612569252E+04  0.687348079E+00  0.512234199E+00  0.710677215E+01  0.616069381E+04  0.510683482E-06  0.189374574E-05 -0.375605233E-06  
17 E  0.630990987E+04  0.321049583E+01 -0.551328852E+01 -0.273575540E+01  0.642678805E+04  0.447989282E-04  0.299712987E-04  0.503152418E-03  
18 E  0.667515420E+04  0.354082555E+01 -0.590682982E+01  0.798645680E+00  0.672994566E+04 -0.217991884E-05 -0.136752234E-05 -0.832640556E-06  
19 E  0.704043059E+04  0.674480700E+01 -0.140763013E+01 -0.696992142E+00  0.705256435E+04 -0.544640965E-06 -0.319242588E-05  0.280613806E-06  
20 M  0.712132233E+04  0.818396261E+01  0.573867133E+00 -0.556530800E+00  0.721018783E+04 -0.221243085E-08 -0.104115185E-07  0.781236164E-10  
21 E  0.771375901E+04  0.538117248E+01  0.820622049E+00  0.359903862E+01  0.797674134E+04 -0.681562416E-05 -0.359841223E-05  0.747680819E-06  
22 E  0.844426548E+04 -0.684484290E+00  0.205526859E+00  0.648436434E+01  0.849595143E+04  0.957845803E-07  0.722142003E-07  0.158237992E-07  
23 E  0.862885818E+04  0.252905117E+01  0.580084513E+01 -0.224571994E+01  0.874574310E+04  0.283435293E-04 -0.114101227E-04 -0.382675644E-03  
24 E  0.899412357E+04  0.264971943E+01  0.612945206E+01  0.810384127E+00  0.911100135E+04  0.504592133E-06  0.747420535E-07  0.788129055E-05  
25 E  0.935936664E+04 -0.294789027E+01  0.596685213E+01  0.997861901E+00  0.937909884E+04 -0.115236675E-06 -0.123620467E-06 -0.986630606E-09  
26 M  0.949091467E+04 -0.849864716E+01  0.327357461E+01 -0.320729904E+00  0.972048609E+04 -0.150246178E-09  0.244477408E-09  0.211162887E-09  
27 E  0.100375133E+05 -0.498479507E+01  0.324518189E+01  0.235592703E+01  0.105926842E+05  0.148705527E-04 -0.251958083E-04  0.496257935E-03  
28 E  0.107680013E+05  0.244160426E+00 -0.648780955E+00  0.634956058E+01  0.107948174E+05  0.366369464E-06  0.764718723E-06  0.128640176E-06  
29 E  0.109467754E+05 -0.163774811E+01  0.159566503E+00 -0.614524344E+01  0.112134152E+05  0.718595074E-03  0.247795811E-03  0.126831465E-03  
30 E  0.113120354E+05 -0.593191903E+01 -0.135580288E+01 -0.183971962E+01  0.114325792E+05 -0.112537310E-04  0.400681131E-04 -0.606682650E-03  
31 E  0.116773198E+05 -0.257192803E+01 -0.575443742E+01 -0.797223359E+00  0.116908154E+05 -0.524047160E-06  0.108952354E-06 -0.424923012E-07  
32 M  0.117672907E+05 -0.725155443E+00 -0.116063116E+02  0.258330383E+00  0.121397251E+05  0.124263387E-07 -0.178703173E-07  0.112916313E-09  
33 E  0.123985354E+05  0.301782352E+01 -0.453401760E+01  0.116895986E+01  0.129683060E+05 -0.412355414E-04 -0.620601270E-04  0.431195856E-03  
34 E  0.131290105E+05 -0.103344508E+00  0.522974218E+00  0.553280775E+01  0.131569862E+05  0.416981446E-05  0.350573965E-05 -0.490908073E-06  
35 E  0.133155151E+05  0.547951159E+01  0.635785354E+00 -0.628975368E+00  0.134287482E+05  0.798156985E-05 -0.166338071E-04 -0.185538078E-03  
36 E  0.136807831E+05  0.547919753E+01  0.629492332E+00 -0.429913149E+00  0.137647963E+05 -0.172895696E-05  0.481702713E-05  0.650544924E-05  
37 E  0.140460581E+05  0.126651754E+01  0.529872236E+01  0.107208474E+01  0.140669371E+05 -0.301580641E-05 -0.388961230E-05  0.257558145E-06  
38 M  0.141852514E+05 -0.216877853E+01  0.674557839E+01 -0.380411559E+00  0.145512257E+05 -0.507365495E-07  0.120484928E-07  0.185018521E-07  
39 E  0.147661630E+05 -0.114416492E+01  0.505236786E+01  0.692250413E+00  0.153431911E+05 -0.715218370E-05 -0.227704497E-04  0.599913801E-03  
40 E  0.154965783E+05  0.168106561E-01 -0.459983888E+00  0.519066200E+01  0.155234049E+05  0.169215148E-04  0.318620715E-04  0.559316467E-05  
41 E  0.156754222E+05 -0.406419274E+01  0.475126700E+00 -0.328754547E+01  0.157850026E+05  0.143791523E-04  0.119526716E-04 -0.358385469E-03  
42 E  0.160406902E+05 -0.521294614E+01  0.474745590E+00 -0.373139274E-01  0.160954824E+05  0.869454312E-06  0.251947872E-04  0.229335211E-07  
43 E  0.164059717E+05 
================ PARENT CYCLER 5.658Gfh-ff3   ======================= 
Parent cycler number                                              159 
Approximate search space (synodic periods after J2000)             21 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 44.92 years (km/s)                        0.032760 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        90.2       ******        9.447       12.095       12.095        
 7       143.4        7.194        7.194        7.658        7.658        
13       127.2        6.739        6.739        9.865        9.865        
19        90.0        5.542        5.542       10.530       10.530        
25       145.9        5.456        5.456        8.204        8.204        
31        98.6        7.270        7.270       11.676       11.676        
37       136.9        5.306        5.306        6.784        6.784        
AVERAGE  118.9        6.251        6.708        9.545        9.545        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            16873.682377 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.525608468E+01 -0.937404170E+01 -0.117055366E+01 -0.518175452E-01  0.827750793E+01  0.968754846E-04  0.322504389E-05  0.540227013E-05  
 2 M  0.849678661E+02 -0.867720433E+01 -0.838733659E+01  0.798122757E+00  0.196393693E+03 -0.406298914E-06  0.166729407E-06  0.862640122E-07  
 3 E  0.642097000E+03  0.210993025E+00 -0.667265296E+01 -0.324417968E+01  0.864911452E+03  0.204492401E-03 -0.203499668E-03  0.568228425E-03  
 4 E  0.100736659E+04  0.895183150E+00 -0.914399029E-01 -0.735092501E+01  0.103637967E+04  0.715071324E-04  0.353626151E-04  0.169288019E-04  
 5 E  0.118869829E+04 -0.334968950E+00  0.451871423E+01  0.556498470E+01  0.136767482E+04 -0.869429212E-04 -0.109634392E-02 -0.594188409E-04  
 6 E  0.155395651E+04  0.531059068E+01  0.478428110E+01  0.721021647E+00  0.166353333E+04  0.154053837E-03  0.106389276E-03 -0.110619199E-03  
 7 E  0.228446861E+04  0.515625817E+01  0.500941493E+01 -0.269896414E+00  0.230598371E+04  0.699323273E-04 -0.145837569E-03  0.641704893E-05  
 8 M  0.242790261E+04  0.660465367E+01  0.380231633E+01 -0.753930433E+00  0.251772151E+04 -0.200920104E-07 -0.497016647E-06 -0.914732033E-07  
 9 E  0.302669529E+04 -0.121273016E+01  0.610464323E+01 -0.192830605E+01  0.327140694E+04  0.855235935E-05 -0.142269076E-04 -0.367104536E-03  
10 E  0.339193656E+04 -0.731492185E+00 -0.663694177E-01 -0.646243061E+01  0.341941588E+04  0.227901481E-05 -0.268004157E-05 -0.463407296E-06  
11 E  0.357513208E+04  0.112627051E+01 -0.445038124E+01  0.491046765E+01  0.371027857E+04  0.418081616E-04  0.978012627E-04 -0.176353714E-04  
12 E  0.394039288E+04 -0.470779309E+01  0.128673080E+00  0.481496450E+01  0.421798504E+04  0.209677528E-03  0.214914132E-03 -0.433499232E-04  
13 E  0.467089856E+04 -0.484710061E+01  0.462010094E+01  0.761648540E+00  0.468997360E+04 -0.671746731E-06 -0.202344061E-05  0.342964342E-08  
14 M  0.479806553E+04 -0.986122107E+01  0.122502368E+00  0.252803820E+00  0.488190628E+04  0.113640288E-08  0.134440833E-08 -0.114462639E-09  
15 E  0.535700387E+04 -0.305498829E+01 -0.452829157E+01 -0.155608315E+01  0.560536380E+04 -0.819804048E-06  0.205204744E-04 -0.361853028E-03  
16 E  0.572223906E+04  0.416187553E+00 -0.355625303E+00 -0.564668706E+01  0.574916604E+04  0.277980762E-06  0.819813886E-06 -0.609569452E-07  
17 E  0.590175223E+04  0.196276576E+01  0.306898552E+01  0.420197470E+01  0.616109949E+04  0.127688329E-03 -0.792022504E-04 -0.122324150E-02  
18 E  0.626703005E+04  0.532424005E+01 -0.158507064E+01 -0.230280778E+00  0.637660097E+04  0.271130269E-06 -0.437796879E-07 -0.154607690E-08  
19 E  0.699750284E+04  0.233728444E+01 -0.489939083E+01 -0.111497692E+01  0.701100283E+04  0.991712302E-07 -0.473035173E-06 -0.845794221E-08  
20 M  0.708750279E+04  0.527553729E+01 -0.911277955E+01  0.737349351E-03  0.719227181E+04  0.546337441E-08 -0.281007573E-08  0.818370102E-10  
21 E  0.770379115E+04  0.448431218E+01  0.266869742E+01 -0.148041721E+01  0.795948418E+04  0.115381153E-04 -0.152996238E-04  0.461000166E-03  
22 E  0.806906691E+04 -0.215248656E+00  0.432625046E+00 -0.540478995E+01  0.809702914E+04  0.540975458E-05  0.341650974E-05  0.124819664E-06  
23 E  0.825548182E+04 -0.427711668E+01 -0.274877566E+01  0.201507378E+01  0.831757375E+04  0.628764124E-05 -0.503383941E-05 -0.123879522E-04  
24 E  0.862072846E+04 -0.418384862E+01  0.345674054E+01 -0.529595794E+00  0.873761136E+04 -0.447748808E-05  0.253405541E-05  0.264363740E-04  
25 E  0.935124655E+04 -0.132525304E+01  0.514867771E+01  0.122367486E+01  0.937313671E+04  0.710506221E-05 -0.326738976E-07  0.746611043E-07  
26 M  0.949718095E+04 -0.509028047E+01  0.634947519E+01 -0.103939640E+01  0.983408771E+04 -0.463496495E-07  0.467977517E-07  0.150466902E-06  
27 E  0.100405790E+05 -0.651235847E+01  0.667714919E+00 -0.283786180E+01  0.102706968E+05 -0.104797230E-03 -0.977923544E-04  0.354499845E-03  
28 E  0.104058453E+05 -0.218279141E+00 -0.830505540E+00 -0.710659870E+01  0.104327236E+05 -0.459490932E-04 -0.251782553E-04  0.886946558E-05  
29 E  0.105850337E+05  0.344643325E+01 -0.274789790E-01  0.639979475E+01  0.107749677E+05 -0.128304322E-02  0.274923780E-03 -0.192164402E-03  
30 E  0.109502913E+05 -0.246874954E+01 -0.406825374E+01  0.549003409E+01  0.112132756E+05  0.130820365E-03 -0.408458208E-03  0.155716215E-04  
31 E  0.116808033E+05 -0.685533306E+01 -0.240939868E+01 -0.215318437E+00  0.116955991E+05  0.111337850E-04  0.331843732E-04  0.126667926E-05  
32 M  0.117794424E+05 -0.694162559E+01 -0.935660818E+01  0.777934571E+00  0.118671123E+05 -0.122812262E-07  0.659615771E-07 -0.386381535E-08  
33 E  0.123639084E+05  0.275602673E+01 -0.418572347E+01 -0.225677692E+01  0.124333081E+05  0.316292277E-05  0.541044019E-05  0.178223263E-04  
34 E  0.127291699E+05  0.432847101E+00  0.240542287E+00 -0.545633084E+01  0.127567102E+05 -0.904791189E-05 -0.157628458E-05 -0.160167442E-05  
35 E  0.129127718E+05 -0.251287265E+01  0.372687494E+01  0.281825104E+01  0.131647840E+05  0.453076383E-04 -0.317228209E-04  0.803516143E-03  
36 E  0.132780069E+05  0.388208979E+01  0.362995534E+01  0.518069130E-03  0.133901173E+05 -0.540827263E-05 -0.100334394E-04  0.138100431E-06  
37 E  0.140254094E+05  0.261439323E+01  0.459633763E+01  0.442698806E+00  0.140459432E+05  0.435126950E-05  0.252073577E-06  0.253331446E-06  
38 M  0.141623016E+05  0.327143737E+01  0.589538834E+01 -0.754706309E+00  0.142520772E+05  0.886738152E-08 -0.901783933E-08  0.313490293E-09  
39 E  0.147608055E+05 -0.419674573E+01  0.300684766E+01 -0.537408659E+00  0.148155970E+05  0.114638798E-05  0.273055197E-05 -0.841485941E-07  
40 E  0.151260821E+05 -0.291146248E+00 -0.339549903E+00 -0.516872409E+01  0.152000384E+05 -0.654131423E-05  0.414105039E-05  0.217460244E-06  
41 E  0.153064634E+05 -0.135551950E+01  0.183511011E+01  0.481918692E+01  0.154343040E+05  0.715716214E-03  0.162816160E-02  0.430220352E-04  
42 E  0.156717222E+05 -0.478177046E+01 -0.236044083E+01  0.856942360E-01  0.157812842E+05  0.218154616E-05  0.596751906E-05 -0.160315449E-07  
43 E  0.164021356E+05 
================ PARENT CYCLER 5.658gfh-fFzero======================= 
Parent cycler number                                              160 
Approximate search space (synodic periods after J2000)              2 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.66 years (km/s)                        0.016780 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 233
 5       133.2        6.506        6.506        8.950        8.950        
11        93.4        6.452        6.451       11.732       11.732        
17       138.9        5.326        5.326        7.038        7.038        
23       120.6        6.017        6.017       11.392       11.392        
29        82.0        6.661        6.661        8.365        8.365        
35       131.6        6.651        6.651        9.198        9.198        
41        91.7        6.169        6.168       11.486       11.486        
AVERAGE  113.1        6.254        6.254        9.737        9.737        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             2004.475156 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.149572716E+02  0.597303903E+01 -0.211424046E+01 -0.115989746E-02  0.117005572E+03 -0.110201837E-04 -0.490037534E-05  0.878575276E-07  
 2 E  0.695279277E+03  0.210512025E+01  0.540403413E+01 -0.248950141E+01  0.768330584E+03 -0.377661086E-05  0.355546773E-06 -0.145673392E-04  
 3 E  0.106053581E+04 -0.592443479E+00  0.313873500E+00 -0.628969670E+01  0.108830811E+04  0.730102957E-06 -0.289733096E-05 -0.433758389E-06  
 4 E  0.124568450E+04  0.340108981E+01  0.516578651E+01  0.197045416E+01  0.136256615E+04  0.190620842E-04 -0.126037395E-04  0.346769545E-03  
 5 E  0.161093967E+04 -0.226889152E+01  0.600284115E+01  0.106989987E+01  0.163091267E+04  0.159204652E-05 -0.121594273E-05  0.880421418E-07  
 6 M  0.174409301E+04 -0.783591200E+01  0.430292050E+01  0.428422165E+00  0.183359924E+04 -0.141638999E-08 -0.609989031E-09  0.892291802E-11  
 7 E  0.234080119E+04 -0.211185465E+01  0.605870218E+01  0.852908192E-03  0.261824068E+04 -0.246610594E-07  0.415281413E-08 -0.395692079E-08  
 8 E  0.301748286E+04 -0.596396836E+01 -0.168554118E+01 -0.184393501E+01  0.326220048E+04  0.407482148E-05 -0.653899253E-05 -0.185603447E-03  
 9 E  0.338273303E+04  0.111418125E+00 -0.689711102E+00 -0.640919773E+01  0.340954734E+04 -0.116512227E-06 -0.595389753E-06  0.126433127E-06  
10 E  0.356149508E+04 -0.445389180E+01  0.130422151E+00  0.468467097E+01  0.373681756E+04 -0.269991257E-03  0.286004383E-03 -0.705193493E-04  
11 E  0.392675024E+04 -0.394677076E+01 -0.506465811E+01 -0.626033363E+00  0.394075951E+04 -0.256703077E-06 -0.436382417E-06  0.366550424E-07  
12 M  0.402014535E+04 -0.279628486E+01 -0.113851794E+02  0.442050910E+00  0.438884322E+04  0.202418994E-08 -0.128833220E-08 -0.327680732E-09  
13 E  0.464505700E+04 -0.110836130E+01 -0.490559745E+01 -0.196142070E+01  0.479843633E+04 -0.490183986E-04 -0.406106926E-03  0.292672159E-02  
14 E  0.537543479E+04  0.351521794E+01  0.185385334E+00 -0.410334425E+01  0.562379802E+04 -0.339734177E-03 -0.323078364E-03 -0.103223032E-02  
15 E  0.574067483E+04  0.291300641E-01  0.495316762E+00 -0.537115283E+01  0.576862671E+04 -0.638636935E-04 -0.482275819E-04 -0.961938074E-05  
16 E  0.592702072E+04  0.527415462E+01 -0.754870730E+00  0.366726355E+00  0.603660329E+04 -0.100975798E-04  0.283964448E-04  0.278435951E-03  
17 E  0.629229596E+04  0.142845777E+01  0.503708004E+01  0.975723987E+00  0.631313796E+04  0.205632834E-05 -0.525044746E-04 -0.359986749E-05  
18 M  0.643124259E+04 -0.662598646E+00  0.696384224E+01 -0.775374233E+00  0.672013649E+04 -0.906684063E-08  0.244332737E-07  0.262162876E-08  
19 E  0.699770120E+04  0.496596692E+01  0.299233223E+01  0.485355644E-03  0.710167370E+04 -0.196851804E-05 -0.563298164E-05 -0.646448962E-07  
20 E  0.769085115E+04 -0.301452625E+01  0.483525187E+01 -0.111090606E+01  0.793922801E+04  0.101355651E-04  0.256223427E-05  0.921860976E-04  
21 E  0.805611124E+04 -0.507840028E+00 -0.246768735E+00 -0.578474776E+01  0.808337652E+04  0.131947791E-05 -0.116220515E-05 -0.136997757E-06  
22 E  0.823787977E+04 -0.129978511E+01  0.407618631E+01  0.421460991E+01  0.834746257E+04  0.246673912E-03  0.108985949E-03  0.175517947E-02  
23 E  0.860315576E+04 -0.594264024E+01  0.850430357E+00  0.406335283E+00  0.862124051E+04  0.156550548E-05 -0.150397530E-05  0.631968596E-07  
24 M  0.872372074E+04 -0.105772281E+02 -0.414547663E+01  0.842884172E+00  0.884731191E+04 -0.487706017E-07 -0.573368543E-07  0.331115446E-08  
25 E  0.934167657E+04 -0.488031631E+01 -0.101443891E+01 -0.476997589E+01  0.962657861E+04 -0.172122865E-03 -0.401799264E-03 -0.179294808E-03  
26 E  0.100721946E+05  0.262220714E+01 -0.251452133E+01 -0.586758970E+01  0.103169160E+05 -0.306213609E-03  0.463925170E-03 -0.172285838E-03  
27 E  0.104374504E+05  0.651946445E+00  0.451286708E+00 -0.684723345E+01  0.104650519E+05 -0.372345759E-04  0.484117091E-05 -0.653428225E-05  
28 E  0.106214606E+05  0.291117910E+01 -0.558635748E+01  0.221855418E+01  0.107383475E+05  0.155235064E-05  0.123563861E-04  0.182740853E-03  
29 E  0.109867321E+05  0.652512203E+01 -0.112950079E+01 -0.717063732E+00  0.109990312E+05 -0.242241946E-04 -0.110764337E-04  0.188403354E-05  
30 M  0.110687261E+05  0.829148966E+01  0.465220474E+00 -0.100527020E+01  0.111656915E+05 -0.141791904E-07 -0.797770630E-07  0.100357266E-08  
31 E  0.117151616E+05  0.636658074E+01 -0.103859944E+01 -0.106299348E-02  0.118168444E+05  0.163800060E-05  0.377402882E-05 -0.204955786E-06  
32 E  0.123930468E+05  0.129199826E+01  0.599256325E+01 -0.196074002E+01  0.126377628E+05  0.233071912E-04 -0.258010706E-04 -0.147767243E-03  
33 E  0.127582946E+05 -0.669552274E+00  0.233448066E+00 -0.641691370E+01  0.127859904E+05  0.304590524E-05 -0.211370645E-05 -0.796106318E-06  
34 E  0.129429332E+05  0.261136025E+01  0.572471168E+01  0.213075246E+01  0.130598109E+05 -0.137938820E-04  0.627066861E-05 -0.212410011E-03  
35 E  0.133081760E+05 -0.298948569E+01  0.585531259E+01  0.100433374E+01  0.133279136E+05  0.259641456E-05  0.156214583E-05 -0.413960344E-07  
36 M  0.134397597E+05 -0.857580185E+01  0.328814506E+01  0.489788031E+00  0.135884036E+05  0.133907865E-08 -0.253764789E-08 -0.105837201E-09  
37 E  0.140343352E+05 -0.288917412E+01  0.544382877E+01 -0.104829005E-02  0.141434622E+05  0.583249659E-06  0.784635365E-06  0.227479999E-06  
38 E  0.147163793E+05 -0.536551841E+01 -0.262391007E+01 -0.166172348E+01  0.149574541E+05 -0.240070747E-06  0.181131340E-04  0.529494122E-04  
39 E  0.150816442E+05  0.209638794E+00 -0.597797631E+00 -0.616334363E+01  0.151549393E+05  0.506109864E-05  0.227913992E-05 -0.111314890E-06  
40 E  0.152604129E+05 -0.486130385E+01 -0.905649858E+00  0.369968600E+01  0.153736526E+05 -0.752076971E-04  0.244631300E-03  0.173538662E-02  
41 E  0.156257021E+05 -0.246063543E+01 -0.560037508E+01 -0.794077362E+00  0.156394613E+05  0.689654581E-05 -0.428869738E-05  0.577026249E-06  
42 M  0.157174296E+05 -0.653477091E+00 -0.114582433E+02  0.456552410E+00  0.160407077E+05  0.134553042E-05 -0.793847788E-06 -0.319005522E-06  
43 E  0.163273882E+05 
================ PARENT CYCLER 5.658gfh-fFpi3 ======================= 
Parent cycler number                                              161 
Approximate search space (synodic periods after J2000)             11 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 44.81 years (km/s)                        1.262903 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 5       161.5        6.518        6.518       11.162       11.162        
11       124.0        6.480        6.480        8.880        8.880        
17       172.8        6.118        6.119        8.895        8.895        
23       114.0        6.097        6.115       13.033       13.033        
29       182.6        8.291        8.477        7.288        7.292        
35       135.8        5.693        5.624       12.048       12.048        
41       128.0        7.993        7.992        9.699        9.699        
AVERAGE  145.5        6.741        6.760       10.144       10.144        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             8985.275369 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.264037027E+02  0.597559852E+01 -0.223968569E+01 -0.107657455E-02  0.754934667E+02 -0.246079604E-03 -0.105271788E-03  0.787561792E-06  
 2 E  0.652910760E+03  0.111757429E+01  0.338856360E+01 -0.525978440E+01  0.839189258E+03  0.372230883E-04 -0.302199862E-04 -0.447202013E-04  
 3 E  0.101816272E+04 -0.590942471E+00  0.329631389E+00 -0.632648489E+01  0.104594532E+04  0.532184593E-05 -0.365276195E-04 -0.489918001E-05  
 4 E  0.120338010E+04 -0.699575467E+00 -0.282068846E+01  0.584236959E+01  0.139696074E+04 -0.320872514E-03 -0.817691504E-03  0.186385484E-03  
 5 E  0.156862660E+04 -0.629060529E+01 -0.149886807E+01  0.815763040E+00  0.159285803E+04  0.199466098E-04 -0.233233466E-04  0.563805888E-06  
 6 M  0.173016949E+04 -0.107115748E+02 -0.302761968E+01  0.823142051E+00  0.195995359E+04 -0.104930467E-07 -0.163911797E-07  0.398799019E-09  
 7 E  0.235120761E+04 -0.613897863E+01  0.243306216E+01  0.586034198E-03  0.245216068E+04 -0.628891899E-04 -0.304279301E-04 -0.198773901E-05  
 8 E  0.302422806E+04 -0.285630868E+01 -0.560126704E+01 -0.210791203E+01  0.326893041E+04  0.428146393E-04 -0.718008523E-05 -0.936434194E-03  
 9 E  0.338945544E+04  0.606035464E+00 -0.424249998E+00 -0.659389805E+01  0.343260059E+04  0.247281351E-04  0.570950436E-05  0.386924904E-05  
10 E  0.356922690E+04  0.293985876E+01  0.546930293E+01  0.189710897E+01  0.379934219E+04  0.100164505E-03 -0.177227628E-03 -0.302235187E-03  
11 E  0.393448927E+04  0.634609375E+01  0.805103275E+00 -0.103209571E+01  0.395308562E+04  0.377288195E-04 -0.595545933E-06 -0.106889493E-05  
12 M  0.405846492E+04  0.859241799E+01 -0.219472295E+01 -0.461673137E+00  0.415058042E+04  0.157332261E-07 -0.556335346E-07 -0.498434764E-08  
13 E  0.467256825E+04  0.263158430E+01 -0.551708765E+01  0.895895583E-03  0.477539574E+04 -0.971597384E-05  0.309143403E-05  0.255329450E-06  
14 E  0.535808485E+04  0.540752196E+01  0.243359571E+01 -0.132020027E+01  0.543113109E+04 -0.531618021E-04  0.349535674E-04  0.393100351E-03  
15 E  0.572331607E+04 -0.202260279E+00  0.599390841E+00 -0.604807148E+01  0.579045104E+04  0.228824318E-04  0.186052100E-05 -0.121303484E-05  
16 E  0.590980211E+04 -0.479049732E+01 -0.243585964E+01  0.289012177E+01  0.614356980E+04  0.170692998E-04  0.233584714E-03 -0.355369839E-03  
17 E  0.627506413E+04 -0.477306813E+01  0.343003530E+01  0.169971339E+01  0.630098867E+04  0.226133276E-04  0.447079442E-04  0.188140042E-05  
18 M  0.644789440E+04 -0.800646122E+01  0.386930650E+01 -0.217226892E+00  0.682853768E+04 -0.631364159E-07 -0.285156562E-07  0.119076455E-06  
19 E  0.700766394E+04  0.139063000E+01  0.581418003E+01  0.730391221E-03  0.711080845E+04  0.584547547E-04 -0.666336205E-04 -0.127977036E-05  
20 E  0.769529400E+04 -0.385805897E+01  0.745824320E+00 -0.454976886E+01  0.793633773E+04 -0.910107522E-03 -0.100426181E-02 -0.197787421E-02  
21 E  0.806051178E+04 -0.215464476E+00 -0.584527647E+00 -0.596785215E+01  0.808742265E+04 -0.340265486E-03 -0.824560854E-04  0.404755255E-04  
22 E  0.823991760E+04  0.572492040E+01 -0.157351763E+01  0.136417185E+01  0.829470669E+04 -0.115414326E-05  0.118854672E-03  0.281895068E-04  
23 E  0.860517822E+04 -0.729603186E-01 -0.607821431E+01 -0.662357484E+00  0.862227471E+04 -0.246615033E-03  0.737493515E-04 -0.152863478E-04  
24 M  0.871915484E+04 -0.326760584E+01 -0.126155569E+02  0.199087579E+00  0.900968268E+04  0.247172233E-04 -0.240739696E-04 -0.135601183E-05  
25 E  0.937944540E+04 -0.536056878E+01 -0.661033167E+01  0.164748776E-02  0.947570593E+04  0.968399966E-05 -0.428631296E-04  0.196464319E-05  
26 E  0.100211823E+05  0.381437779E+01 -0.579544763E+01 -0.489088952E+01  0.102476406E+05 -0.680172850E-03  0.777420276E-03 -0.196914314E-03  
27 E  0.103864377E+05  0.110178924E+01  0.471842484E+00 -0.841806691E+01  0.104139402E+05 -0.578592051E-04 -0.523445766E-04 -0.217268266E-04  
28 E  0.105697878E+05 -0.236416946E+01  0.239895176E+01  0.758223562E+01  0.108291304E+05  0.457250632E-03  0.321143465E-03 -0.264747900E-02  
 234
29 E  0.109350591E+05  0.704146579E+00  0.785573530E+01  0.310736782E+01  0.110062689E+05 -0.107788998E-02 -0.180058856E-02  0.467487288E-01  
30 M  0.111176484E+05 -0.434669752E-01  0.724135527E+01 -0.857083526E+00  0.112045018E+05  0.305263204E-06 -0.657700575E-06  0.482592073E-07  
31 E  0.116966714E+05  0.602550823E+01  0.162088924E+01 -0.743298163E-03  0.117989990E+05  0.469227905E-04 -0.748677733E-04  0.341259225E-05  
32 E  0.123788557E+05 -0.128844412E+01  0.537697708E+01 -0.214068721E+01  0.124957362E+05  0.133964059E-03 -0.374732830E-04 -0.617939179E-04  
33 E  0.127441072E+05 -0.510203529E+00 -0.557763123E-01 -0.550060360E+01  0.127715608E+05  0.220526304E-04 -0.139167501E-04 -0.405858807E-05  
34 E  0.129271315E+05  0.124599018E+01 -0.534043846E+01  0.159562976E+01  0.129928766E+05 -0.410606628E-05 -0.294844049E-05 -0.900672902E-05  
35 E  0.132923823E+05 -0.527569904E+01 -0.191016219E+01  0.382764752E+00  0.133127471E+05  0.187407509E-04 -0.568130894E-05 -0.667887224E-06  
36 M  0.134281476E+05 -0.109764538E+02 -0.488738339E+01  0.879524970E+00  0.135548831E+05  0.106646579E-05  0.143171864E-05  0.232303736E-07  
37 E  0.140618249E+05 -0.798043798E+01  0.182208207E+01  0.375363532E-03  0.141588121E+05  0.334421168E-04  0.306233546E-04  0.291735865E-05  
38 E  0.147084062E+05 -0.317046694E+01 -0.595279981E+01 -0.461004775E+01  0.149129519E+05 -0.418096369E-04 -0.160858208E-03  0.100902045E-03  
39 E  0.150736663E+05  0.861647546E+00 -0.683989035E+00 -0.810381330E+01  0.151006059E+05 -0.872428501E-05 -0.506396847E-04  0.700696258E-05  
40 E  0.152532633E+05  0.343841416E+01  0.594074243E+01  0.410451626E+01  0.154943150E+05  0.360553115E-05 -0.161994314E-03  0.114340115E-02  
41 E  0.156184932E+05  0.766887084E+01  0.197749052E+01 -0.106874865E+01  0.156376957E+05 -0.223911656E-04 -0.442064991E-04 -0.186208014E-05  
42 M  0.157465099E+05  0.953974766E+01 -0.174607241E+01 -0.140022366E+00  0.159185554E+05 -0.560449934E-06 -0.268011497E-05 -0.202783376E-05  
43 E  0.163397702E+05 
================ PARENT CYCLER 5.658Gfh+ff3   ======================= 
Parent cycler number                                              162 
Approximate search space (synodic periods after J2000)             10 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 44.63 years (km/s)                        0.024744 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       100.3       ******       11.316        7.650        7.650        
 7       108.6        7.968        7.968       11.021       11.021        
13       114.2        5.801        5.801        8.621        8.621        
19       135.2        6.254        6.254        9.132        9.132        
25        87.8        6.524        6.525       12.342       12.342        
31       169.3        7.270        7.270        7.521        7.521        
37       110.1        7.201        7.201       11.141       11.141        
AVERAGE  117.9        6.836        7.476        9.633        9.633        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             8294.078101 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.506007400E+02  0.634610640E+01  0.931607198E+01  0.992710619E+00  0.656454597E+02  0.102313859E-02  0.610548003E-03 -0.270216204E-04  
 2 M  0.150898872E+03 -0.101946648E+01  0.743985891E+01 -0.145814600E+01  0.242444037E+03  0.293304874E-04 -0.184432297E-04 -0.121756614E-04  
 3 E  0.689399847E+03 -0.497696077E+01  0.364201081E+01  0.467374451E+01  0.930484635E+03  0.541178783E-03  0.358084173E-03 -0.150738082E-02  
 4 E  0.105467983E+04 -0.724226215E+00 -0.701741760E+00  0.766827817E+01  0.108177769E+04  0.916102344E-04 -0.681249524E-04 -0.349692662E-05  
 5 E  0.123533225E+04 -0.388439131E+01  0.564632295E+01 -0.405001287E+01  0.133760530E+04 -0.595096077E-04 -0.129758110E-03 -0.399597665E-03  
 6 E  0.160059314E+04 -0.707652025E+01  0.114725743E+01 -0.345789152E+01  0.177591471E+04 -0.449871368E-05  0.432663245E-04  0.182142386E-03  
 7 E  0.233109967E+04 -0.758882688E+01  0.240341729E+01  0.350798724E+00  0.234739261E+04 -0.194413384E-03  0.361493357E-04 -0.205439059E-04  
 8 M  0.243971930E+04 -0.100381503E+02 -0.451273052E+01  0.578704159E+00  0.252419610E+04  0.262514121E-04  0.659651145E-04  0.207341574E-04  
 9 E  0.300289795E+04 -0.959651454E+00 -0.560414119E+01  0.183578901E+01  0.306864483E+04 -0.231259994E-04 -0.226069511E-05 -0.462466326E-04  
10 E  0.336815839E+04  0.567500820E+00 -0.173951992E+00  0.596296951E+01  0.339526900E+04  0.689334869E-05 -0.470135392E-04  0.534726556E-06  
11 E  0.354889579E+04  0.785356416E+00  0.470406209E+01 -0.333789843E+01  0.379728026E+04  0.345902264E-03 -0.222007032E-03  0.101805843E-02  
12 E  0.391416707E+04  0.557313229E+01  0.115389055E+01 -0.113819923E+01  0.402374196E+04 -0.205847542E-04 -0.218105912E-05 -0.124248096E-04  
13 E  0.464466633E+04  0.562957677E+01  0.108473159E+01 -0.882363217E+00  0.466179767E+04 -0.150355089E-03 -0.174947064E-03  0.772859991E-05  
14 M  0.475887528E+04  0.850404772E+01 -0.132030471E+01 -0.514735059E+00  0.485039355E+04 -0.263677851E-04 -0.745870559E-04 -0.160280075E-04  
15 E  0.536899711E+04  0.159280406E+01  0.545066664E+01  0.219584143E+01  0.561370888E+04 -0.173645393E-03  0.142337688E-03  0.539048029E-03  
16 E  0.573423855E+04 -0.591064286E+00  0.248524582E+00  0.606428096E+01  0.576196667E+04 -0.275601918E-04  0.612155164E-04 -0.874319842E-05  
17 E  0.591909266E+04  0.256821189E+01  0.474025350E+01 -0.319616468E+01  0.603231369E+04 -0.956547790E-04  0.726148471E-04  0.136001609E-02  
18 E  0.628432180E+04 -0.300375309E+01  0.548093650E+01 -0.279552373E+00  0.639390070E+04 -0.502244414E-04 -0.320332521E-04  0.236471540E-04  
19 E  0.701484776E+04 -0.296627535E+01  0.541176708E+01  0.101488546E+01  0.703512779E+04  0.371951843E-04  0.159091902E-03 -0.630420322E-05  
20 M  0.715004795E+04 -0.848575763E+01  0.335489645E+01 -0.371002221E+00  0.728652330E+04  0.933744761E-04  0.542475446E-04 -0.478643746E-04  
21 E  0.769594936E+04 -0.514435085E+01 -0.256692282E+01  0.306694837E+01  0.794432751E+04 -0.169333094E-04  0.474417075E-04 -0.354209545E-03  
22 E  0.806121134E+04  0.214986638E+00 -0.675536451E+00  0.649634143E+01  0.808802574E+04 -0.413864593E-04 -0.195948018E-04 -0.220217383E-05  
23 E  0.823997402E+04  0.220082470E+00  0.814667695E+00 -0.645941932E+01  0.847738980E+04  0.186140580E-03 -0.552716241E-04  0.306718646E-04  
24 E  0.860522906E+04  0.365057985E+01 -0.387095170E+01 -0.376042901E+01  0.882438392E+04 -0.361528307E-03  0.221287767E-03  0.601101772E-04  
25 E  0.933574524E+04 -0.235386019E+01 -0.603537420E+01 -0.776643120E+00  0.934891324E+04 -0.280659015E-03  0.517752440E-04 -0.577041844E-05  
26 M  0.942353191E+04 -0.153805302E+01 -0.122145267E+02  0.880840103E+00  0.951027126E+04 -0.114219208E-03  0.956403451E-04 -0.298675678E-04  
27 E  0.100017942E+05  0.484208951E+01 -0.376290917E+01  0.428914469E+01  0.100675406E+05 -0.662299006E-04 -0.980150435E-04  0.182054708E-03  
28 E  0.103670517E+05  0.676460104E+00  0.639220860E+00  0.744169710E+01  0.103947447E+05  0.120333904E-03  0.149411009E-04 -0.132328390E-04  
29 E  0.105516711E+05 -0.331022899E+01  0.205811311E+01 -0.615763107E+01  0.107598703E+05  0.257213570E-03  0.520368424E-03  0.365814959E-03  
30 E  0.109169328E+05 -0.482039179E+00  0.718799252E+01 -0.103888039E+01  0.110265051E+05  0.719590922E-05  0.115809592E-03  0.274492442E-03  
31 E  0.116474145E+05 -0.446102525E+00  0.704832415E+01  0.172489599E+01  0.116728157E+05  0.227950976E-03 -0.137252156E-03 -0.195798007E-05  
32 M  0.118167559E+05 -0.426532278E+00  0.743266013E+01 -0.106657896E+01  0.119353829E+05  0.106797172E-03 -0.556321745E-04 -0.455205760E-04  
33 E  0.123816464E+05 -0.506497750E+01  0.340444136E+01  0.344978359E+01  0.126154188E+05  0.460089554E-03  0.253646233E-03 -0.846326070E-03  
34 E  0.127469158E+05 -0.548950889E+00 -0.617309001E+00  0.694818541E+01  0.127739821E+05  0.752032389E-04 -0.124870334E-04 -0.650208222E-05  
35 E  0.129273579E+05 -0.266473499E+01  0.363414627E+01 -0.560530584E+01  0.130369385E+05  0.121449896E-03  0.387861715E-04 -0.100284884E-02  
36 E  0.132926263E+05 -0.713761323E+01  0.397100620E+00 -0.737846406E+00  0.134825583E+05 -0.225617852E-05  0.252590835E-05  0.116825362E-03  
37 E  0.140231339E+05 -0.713599535E+01  0.940199536E+00  0.210809279E+00  0.140396417E+05 -0.199083354E-03  0.176284663E-03 -0.213768537E-04  
38 M  0.141331861E+05 -0.945369592E+01 -0.585338442E+01  0.703815980E+00  0.142195039E+05  0.296973639E-04  0.160802767E-03  0.137130650E-04  
39 E  0.147086379E+05  0.639404654E+00 -0.460236036E+01  0.273699665E+01  0.147780358E+05  0.153269358E-03  0.764886477E-04  0.321331653E-03  
40 E  0.150738903E+05  0.484677020E+00  0.239202610E-01  0.535628746E+01  0.151011705E+05 -0.222319003E-04  0.593688376E-04  0.651784242E-05  
41 E  0.152557582E+05 -0.535395865E+00  0.276435684E+01 -0.437591698E+01  0.154274291E+05  0.134236573E-03  0.726861833E-03  0.604615405E-05  
42 E  0.156210155E+05  0.512044446E+01  0.931355651E+00 -0.326212312E+00  0.157305839E+05 -0.321842409E-04 -0.139296577E-04  0.675536169E-05  
43 E  0.163514718E+05 
================ PARENT CYCLER 5.658gfh+fFzero======================= 
Parent cycler number                                              163 
Approximate search space (synodic periods after J2000)             17 
Number of steps to walk eccentricity/inclination              1 /   1 
Number of cycles                                                    7 
Total delta v over 44.65 years (km/s)                        0.013831 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 5       128.1        7.117        7.117        9.230        9.230        
11        90.6        6.255        6.253       11.837       11.837        
17       128.6        6.091        6.091        7.747        7.747        
23       107.1        7.501        7.501       11.422       11.422        
29        93.3        5.913        5.913        8.012        8.012        
35       128.9        6.876        6.876        9.453        9.453        
41        90.4        5.914        5.913       11.215       11.215        
AVERAGE  109.6        6.524        6.523        9.845        9.845        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13703.935532 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.293280850E+02  0.688458863E+01 -0.208682173E+00  0.906898817E-03  0.129598940E+03 -0.245402191E-06 -0.352501979E-06  0.142904821E-07  
 2 E  0.697800451E+03  0.746558098E+00  0.603459795E+01  0.328700873E+01  0.946161125E+03  0.131393914E-04 -0.832173600E-04  0.120861567E-02  
 3 E  0.106303674E+04 -0.797466205E+00  0.211336247E+00  0.687073224E+01  0.112020023E+04 -0.768826515E-07 -0.862374932E-07 -0.128027469E-07  
 4 E  0.124743509E+04  0.236619263E+01  0.609703059E+01 -0.283501836E+01  0.136431384E+04 -0.580258405E-04  0.203668099E-04  0.614047056E-03  
 235
 5 E  0.161268118E+04 -0.302521068E+01  0.636462520E+01  0.994020734E+00  0.163189034E+04 -0.915221965E-08 -0.213191725E-06 -0.106120506E-07  
 6 M  0.174074225E+04 -0.861311200E+01  0.327825867E+01  0.502520543E+00  0.183002952E+04 -0.488243862E-11 -0.567903832E-10 -0.200950563E-11  
 7 E  0.233599075E+04 -0.291649181E+01  0.552795117E+01 -0.820423715E-03  0.245841928E+04 -0.614343909E-07  0.396320852E-07  0.101016271E-07  
 8 E  0.301614922E+04 -0.535296668E+01 -0.255585633E+01  0.208188395E+01  0.326452875E+04 -0.127591775E-04  0.209996671E-04 -0.424046334E-03  
 9 E  0.338141323E+04  0.208854955E+00 -0.616351017E+00  0.624652714E+01  0.344219293E+04  0.148439768E-06 -0.699664284E-08 -0.112672464E-07  
10 E  0.356017706E+04 -0.386023522E+01 -0.511153351E+00 -0.490429637E+01  0.383777330E+04 -0.131003189E-02 -0.514371542E-03 -0.171852679E-03  
11 E  0.392543527E+04 -0.235552615E+01 -0.573929721E+01 -0.783862708E+00  0.393902108E+04  0.169876957E-06 -0.168429027E-06  0.146286606E-07  
12 M  0.401600735E+04 -0.961406919E+00 -0.117962873E+02  0.210773717E+00  0.411170195E+04  0.128709217E-09 -0.229702782E-09  0.315504138E-10  
13 E  0.465397131E+04  0.152337408E+01 -0.467115813E+01  0.358805475E+01  0.496078458E+04 -0.286245139E-03  0.174556815E-03 -0.864013279E-04  
14 E  0.538447911E+04 -0.256469483E+01 -0.504898622E-01  0.550303699E+01  0.565477160E+04  0.153503720E-03  0.670073576E-04 -0.219258211E-04  
15 E  0.574973923E+04 -0.162957034E+00  0.585476913E+00  0.603370783E+01  0.577771459E+04  0.685101823E-06  0.103227171E-05 -0.166060512E-06  
16 E  0.593624158E+04  0.571309056E+01  0.109037598E+01 -0.175520335E+01  0.604947105E+04  0.772801293E-06 -0.201600957E-05 -0.226684544E-04  
17 E  0.630149795E+04  0.148254958E+01  0.581721983E+01  0.102945109E+01  0.632078838E+04 -0.323577530E-06  0.697196885E-06 -0.245292100E-07  
18 M  0.643010083E+04 -0.189964925E+01  0.751078094E+01 -0.544683298E-01  0.652205856E+04  0.271597842E-09  0.280645151E-09 -0.216590787E-10  
19 E  0.704315238E+04  0.294947696E+01  0.666914036E+01 -0.135630788E-02  0.714228586E+04 -0.548771673E-06  0.471929956E-06  0.952769374E-07  
20 E  0.770404225E+04 -0.552940170E+01  0.347626983E+01  0.333156450E+01  0.794875638E+04 -0.667809604E-07 -0.290243178E-04  0.491072936E-03  
21 E  0.806928722E+04 -0.594113686E+00 -0.698790298E+00  0.725699952E+01  0.809633914E+04 -0.250776421E-05 -0.219491898E-06 -0.459716727E-06  
22 E  0.824963333E+04 -0.317450544E+01  0.403467992E+01 -0.548617766E+01  0.836286320E+04 -0.935206021E-05 -0.437806595E-05  0.870255204E-04  
23 E  0.861489097E+04 -0.743807547E+01  0.941583237E+00  0.225106641E+00  0.863095203E+04 -0.213989440E-05  0.218499396E-07  0.453088537E-07  
24 M  0.872196470E+04 -0.977249984E+01 -0.585684076E+01  0.807686473E+00  0.885676898E+04 -0.206671295E-07 -0.372186469E-07  0.169534245E-08  
25 E  0.933471143E+04 -0.146425995E+01 -0.591870528E+01  0.416335184E+00  0.972186860E+04  0.274279521E-03 -0.640485504E-03  0.159246292E-03  
26 E  0.100651967E+05  0.366419851E+01 -0.369488047E+01  0.324491833E+01  0.101382457E+05 -0.376647531E-06  0.357581580E-04 -0.290062065E-03  
27 E  0.104304421E+05  0.489886315E+00  0.395693280E+00  0.608555441E+01  0.104580839E+05 -0.568340257E-04  0.913436087E-05  0.800572323E-05  
28 E  0.106147207E+05  0.316474362E+01 -0.488905072E+01 -0.113295591E+01  0.107206490E+05  0.348703105E-04  0.530816048E-04 -0.168619904E-03  
29 E  0.109799906E+05  0.576932133E+01  0.122328709E+01 -0.420688267E+00  0.109939804E+05 -0.396892170E-04 -0.178268018E-04 -0.262455007E-05  
30 M  0.110732557E+05  0.755999429E+01  0.247277129E+01 -0.962148036E+00  0.111765394E+05  0.234835014E-07 -0.150683629E-07  0.226501730E-09  
31 E  0.117187788E+05  0.664110685E+01  0.275466472E+00 -0.135084349E-02  0.118197762E+05 -0.154947365E-04 -0.178629593E-04  0.135784958E-07  
32 E  0.123920952E+05  0.210353842E+00  0.630349505E+01  0.216273695E+01  0.126404622E+05 -0.236778230E-04 -0.132645479E-04  0.697240171E-03  
33 E  0.127573408E+05 -0.759239038E+00  0.121273917E+00  0.662915666E+01  0.127978312E+05 -0.186868648E-05 -0.125150115E-05 -0.386651006E-06  
34 E  0.129413878E+05  0.165014118E+01  0.604940520E+01 -0.284428960E+01  0.130582681E+05 -0.266551879E-04  0.428059255E-05  0.229623873E-03  
35 E  0.133066385E+05 -0.373593146E+01  0.569894543E+01  0.921171890E+00  0.133259748E+05 -0.292153421E-06 -0.349698738E-05  0.180744996E-06  
36 M  0.134355469E+05 -0.918096282E+01  0.218621534E+01  0.545372895E+00  0.135244701E+05 -0.102778722E-08 -0.162567515E-08  0.539407268E-10  
37 E  0.140283679E+05 -0.356744957E+01  0.472005247E+01 -0.170294045E-02  0.141315250E+05  0.237800815E-06  0.252699514E-07 -0.138945615E-07  
38 E  0.147160816E+05 -0.452028356E+01 -0.336384545E+01  0.191307427E+01  0.149644587E+05 -0.194962067E-05  0.179454919E-06 -0.645048394E-04  
39 E  0.150813421E+05  0.283396611E+00 -0.508723171E+00  0.593680948E+01  0.151081776E+05 -0.641532263E-07 -0.191883515E-06 -0.271696598E-07  
40 E  0.152602457E+05 -0.255706018E+01 -0.740039258E+00 -0.527549497E+01  0.155268797E+05 -0.914097665E-03 -0.324586689E-03 -0.219160738E-03  
41 E  0.156254977E+05 -0.795635357E+00 -0.578274596E+01 -0.941004247E+00  0.156390559E+05 -0.124875264E-06 -0.803169618E-07 -0.350189118E-08  
42 M  0.157158858E+05  0.155194807E+01 -0.111045633E+02  0.213532777E+00  0.158090783E+05 -0.319380597E-09  0.339422900E-10  0.369660167E-12  
43 E  0.163371692E+05 
================ PARENT CYCLER 5.658gfh+fFpi3 ======================= 
Parent cycler number                                              164 
Approximate search space (synodic periods after J2000)              7 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 44.65 years (km/s)                        1.566859 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 5       155.0        8.939        8.939        8.628        8.628        
11       171.8        6.114        6.114        9.416        9.416        
17       114.3        5.804        5.804       11.772       11.772        
23       171.6        6.426        6.419        7.655        7.655        
29       128.0        6.391        5.538       12.358       12.358        
35       148.6        7.619        7.619        7.662        7.662        
41       149.3        6.294        6.347       11.272       11.272        
AVERAGE  148.4        6.798        6.683        9.823        9.823        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             5865.419269 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.230150823E+01 -0.738309599E+01  0.508337536E+01 -0.169728668E-03  0.929742164E+02  0.444462851E-04  0.403287545E-04 -0.167238105E-04  
 2 E  0.632869989E+03 -0.579411566E+01 -0.410262547E+01  0.548727464E+01  0.698616216E+03  0.243121220E-04 -0.246409213E-04  0.731565968E-04  
 3 E  0.998126806E+03  0.544292749E+00 -0.123296545E+01  0.887387223E+01  0.102494722E+04 -0.308777789E-05  0.245797521E-04  0.738848919E-05  
 4 E  0.117692956E+04  0.552062538E+01  0.372510607E+01 -0.593609034E+01  0.128650737E+04 -0.485785299E-05  0.292659857E-04  0.298514352E-04  
 5 E  0.154218895E+04  0.865601186E+01  0.253660844E+00 -0.221771779E+01  0.156543850E+04  0.488429835E-05  0.374314289E-04  0.136474311E-05  
 6 M  0.169718593E+04  0.857952738E+01 -0.704222159E+00 -0.576909841E+00  0.179129951E+04  0.849845103E-07  0.117758973E-06 -0.513588769E-08  
 7 E  0.232460979E+04  0.364367655E+01 -0.484719015E+01  0.189917918E-03  0.242758900E+04  0.541657264E-06 -0.125136829E-06 -0.134438432E-07  
 8 E  0.301113785E+04  0.420762519E+01  0.314799807E+01  0.296904460E+01  0.326316008E+04 -0.308206245E-04 -0.403230938E-04  0.707884526E-03  
 9 E  0.337638746E+04 -0.309116092E+00  0.536472758E+00  0.601931742E+01  0.340433344E+04  0.309045835E-05 -0.113746057E-04  0.235285713E-05  
10 E  0.356269400E+04 -0.421578698E+01 -0.338315204E+01 -0.285745107E+01  0.381108049E+04 -0.374016520E-04  0.357654999E-04  0.536874746E-03  
11 E  0.392796825E+04 -0.546182731E+01  0.228253863E+01  0.153013141E+01  0.395374435E+04  0.800534798E-05  0.489705973E-05  0.432312782E-06  
12 M  0.409980893E+04 -0.917064924E+01  0.213546514E+01  0.605004361E-01  0.418451829E+04 -0.266413496E-08  0.121548946E-07 -0.133864825E-08  
13 E  0.466453801E+04 -0.633804614E+00  0.570579849E+01 -0.470387902E-03  0.476854721E+04  0.266614199E-05 -0.162652435E-05  0.149000328E-06  
14 E  0.535793270E+04 -0.421699017E+01 -0.669028113E+00  0.387636275E+01  0.560996232E+04 -0.774013964E-04 -0.488022557E-04 -0.418535010E-03  
15 E  0.572319302E+04  0.160624307E-01 -0.556073634E+00  0.572508150E+01  0.575001766E+04 -0.448160629E-05 -0.144746396E-04 -0.283897806E-05  
16 E  0.590202390E+04  0.365742957E+01  0.524955585E+00 -0.446205524E+01  0.614309850E+04  0.150329038E-03 -0.146149505E-05  0.154737234E-05  
17 E  0.626728845E+04  0.232689513E+01 -0.522796243E+01 -0.971746262E+00  0.628443320E+04 -0.865621335E-05 -0.126854681E-04  0.515283425E-06  
18 M  0.638158676E+04  0.175555382E+01 -0.116395752E+02 -0.976671619E-01  0.661656529E+04 -0.201812705E-04  0.955275616E-05  0.544615565E-06  
19 E  0.703430490E+04 -0.933872857E+00 -0.648744562E+01  0.345305324E-03  0.713557206E+04  0.417229902E-05 -0.600902704E-05  0.222228327E-06  
20 E  0.770941925E+04  0.564958766E+01 -0.123696033E+01  0.301866295E+01  0.796144157E+04 -0.951978766E-05  0.223558610E-04  0.466698416E-03  
21 E  0.807466899E+04  0.235763078E+00  0.680364791E+00  0.649034770E+01  0.812672911E+04  0.710527450E-06 -0.872117340E-06  0.133446586E-06  
22 E  0.826059799E+04 -0.549287970E+01  0.100572050E+01 -0.316060768E+01  0.833730471E+04  0.247842667E-03  0.556434712E-04 -0.678369849E-03  
23 E  0.862586805E+04 -0.215077867E+01  0.577078404E+01  0.180859422E+01  0.865160069E+04  0.248662238E-05  0.705169647E-06 -0.369575823E-07  
24 M  0.879741900E+04 -0.337557575E+01  0.682797595E+01 -0.761403776E+00  0.898832430E+04 -0.385659247E-07 -0.960438340E-08  0.242247109E-07  
25 E  0.935890518E+04  0.507494990E+01  0.363595397E+01 -0.847077032E-03  0.972687269E+04 -0.198225567E-02  0.934046238E-02  0.431973067E-05  
26 E  0.100403265E+05 -0.317984263E+01  0.480494102E+01  0.227731189E+01  0.102740891E+05 -0.690947293E-04 -0.455730608E-05  0.113299079E-03  
27 E  0.104055806E+05 -0.594939889E+00 -0.287699374E+00  0.616678653E+01  0.104637248E+05 -0.268119414E-04 -0.333428308E-05 -0.581661377E-04  
28 E  0.105872810E+05  0.335517742E+01 -0.515520146E+01 -0.178796027E+01  0.107918298E+05 -0.189122237E-04 -0.161996363E-04  0.298688524E-04  
29 E  0.109525468E+05 -0.453836143E+01 -0.317260230E+01  0.814642684E-01  0.109717432E+05 -0.102636702E-04 -0.103798470E-04 -0.121671455E-05  
30 M  0.110805232E+05 -0.970710819E+01 -0.760651268E+01  0.795927679E+00  0.112780847E+05  0.203108031E-06  0.110393707E-05 -0.652850429E-10  
31 E  0.117178184E+05 -0.783748896E+01 -0.613420679E+00 -0.551117212E-03  0.118155657E+05 -0.311036567E-05 -0.506014861E-05 -0.181309158E-06  
32 E  0.123694670E+05 -0.102147540E+01 -0.658812406E+01  0.412702753E+01  0.126141912E+05  0.302712090E-05  0.508639268E-06  0.352924784E-04  
33 E  0.127347270E+05  0.964384932E+00 -0.323989181E+00  0.779227003E+01  0.128178118E+05  0.519360439E-07 -0.204741593E-06 -0.148508674E-05  
34 E  0.129153462E+05  0.118076018E+01  0.664669447E+01 -0.357475800E+01  0.131600646E+05 -0.174558106E-05 -0.126361760E-05 -0.370324330E-04  
35 E  0.132805976E+05  0.596394514E+01  0.472058877E+01 -0.436232455E+00  0.133028943E+05  0.565799076E-07 -0.762568900E-07  0.512092200E-09  
36 M  0.134292423E+05  0.683022265E+01  0.338915929E+01 -0.750198919E+00  0.135203220E+05 -0.291094529E-09 -0.166958899E-08 -0.219898249E-09  
37 E  0.140364399E+05  0.525073631E+01 -0.328171100E+01 -0.679269718E-03  0.141389395E+05 -0.442083197E-06 -0.959400776E-07  0.691884668E-08  
38 E  0.147197702E+05  0.161032876E+01  0.295694431E+01  0.517775298E+01  0.149206586E+05  0.712661114E-03  0.141596659E-02  0.344813257E-03  
39 E  0.150850217E+05 -0.507090860E+00  0.397767071E+00  0.613355412E+01  0.151128762E+05  0.355793209E-06 -0.552156080E-06  0.133359921E-06  
40 E  0.152707181E+05 -0.324250603E+01 -0.514381843E+01 -0.161688168E+01  0.155190844E+05  0.115529354E-04  0.882542852E-06 -0.423668610E-03  
41 E  0.156359627E+05 -0.608988635E+01  0.138706544E+01  0.112591658E+01  0.156583633E+05  0.448860303E-06  0.324526241E-06 -0.244815112E-07  
42 M  0.157853003E+05 -0.108185801E+02  0.273384362E+01  0.159330134E+01  0.160721430E+05 -0.260298665E-02  0.976435032E-02  0.328994301E+00  
43 E  0.163068324E+05 
================ PARENT CYCLER 5.658Gfh-ff3   ======================= 
 236
Parent cycler number                                              165 
Approximate search space (synodic periods after J2000)             21 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 44.94 years (km/s)                        0.046196 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        96.3       ******        8.378       11.657       11.657        
 7       111.3        5.539        5.539        7.461        7.461        
13       123.5        7.278        7.279        9.869        9.869        
19        89.7        5.563        5.563       10.516       10.516        
25       145.4        5.472        5.472        8.207        8.207        
31        98.7        7.264        7.264       11.664       11.665        
37       128.3        5.169        5.168        6.743        6.743        
AVERAGE  113.3        6.047        6.380        9.445        9.446        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            16873.682377 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.105142151E+02 -0.831075197E+01 -0.105598695E+01 -0.587821092E-01  0.393790353E+01 -0.235227078E-03  0.363089789E-03  0.991973443E-05  
 2 M  0.858332426E+02 -0.811303868E+01 -0.833792567E+01  0.744909965E+00  0.177965182E+03  0.196344916E-06 -0.290209261E-06 -0.189994017E-07  
 3 E  0.700046175E+03 -0.211888513E+01  0.236194700E+01 -0.473530755E+01  0.966681289E+03  0.196422576E-03 -0.298030689E-03 -0.177360368E-03  
 4 E  0.106529976E+04  0.318373699E+00  0.430780227E+00 -0.568250227E+01  0.109306323E+04 -0.406429013E-04 -0.557037212E-04 -0.131774545E-04  
 5 E  0.125038958E+04  0.409708048E+01  0.326398406E+01  0.186602593E+01  0.145493444E+04 -0.147256617E-03 -0.685320368E-03  0.119067190E-04  
 6 E  0.198090694E+04  0.392091306E+01 -0.359223737E+01  0.161998956E+01  0.208683020E+04  0.449509932E-04  0.108129638E-03 -0.296978649E-03  
 7 E  0.234615956E+04  0.419921525E+01  0.360985869E+01  0.131210338E+00  0.236285645E+04 -0.108122269E-03 -0.306324516E-04  0.224716026E-05  
 8 M  0.245747213E+04  0.521704632E+01  0.526411714E+01 -0.857382424E+00  0.254354860E+04 -0.376827241E-07  0.559881819E-07  0.108579427E-07  
 9 E  0.303131524E+04 -0.186749350E+01  0.622955848E+01 -0.278437518E+01  0.325412109E+04  0.258393391E-04 -0.136425158E-04 -0.587752758E-04  
10 E  0.339657073E+04 -0.838055784E+00 -0.148250804E+00 -0.700278721E+01  0.342400554E+04  0.166481284E-05 -0.317582220E-06 -0.392035734E-06  
11 E  0.357946948E+04 -0.503610551E+01  0.259834366E+01  0.459164565E+01  0.389358993E+04  0.854857899E-03  0.827202238E-03 -0.209092309E-03  
12 E  0.430998215E+04  0.247285576E+00  0.397665468E+01  0.610177280E+01  0.458392316E+04  0.293873317E-04 -0.747480625E-03 -0.425436166E-04  
13 E  0.467523683E+04 -0.509247437E+01  0.514610834E+01  0.751718515E+00  0.469376656E+04  0.724659013E-06 -0.125632235E-05 -0.770661246E-07  
14 M  0.479876838E+04 -0.986560927E+01  0.681667154E-01  0.260949530E+00  0.488258337E+04 -0.221609640E-08 -0.226055751E-08 -0.454602178E-09  
15 E  0.535753498E+04 -0.267478099E+01 -0.413520772E+01 -0.279124711E+01  0.560954621E+04  0.162830352E-04  0.418186225E-04 -0.790305584E-03  
16 E  0.572276865E+04  0.417243065E+00 -0.348339975E+00 -0.562722656E+01  0.574969887E+04 -0.266401768E-05 -0.105463855E-04  0.896236956E-06  
17 E  0.590230346E+04  0.344562201E+01 -0.371204464E+01  0.224625485E+01  0.611415474E+04 -0.385302741E-03  0.927167385E-04  0.116874567E-04  
18 E  0.663282511E+04 -0.376261124E+01 -0.358420805E+01  0.193395201E+01  0.674970325E+04  0.244324021E-04 -0.204908078E-04 -0.385525267E-03  
19 E  0.699806928E+04  0.231539042E+01 -0.493357127E+01 -0.111670838E+01  0.701151709E+04 -0.323554675E-05  0.971912438E-05  0.870307082E-07  
20 M  0.708772135E+04  0.529188124E+01 -0.908800405E+01 -0.832105770E-02  0.721107009E+04 -0.505478721E-09 -0.591422868E-08  0.226674942E-08  
21 E  0.770446504E+04  0.454225495E+01  0.275837358E+01 -0.979991664E+00  0.795650490E+04  0.577606632E-05 -0.146317811E-04  0.303526674E-03  
22 E  0.806974020E+04 -0.217267089E+00  0.427690903E+00 -0.538735052E+01  0.809770084E+04  0.116757552E-04  0.991849129E-05  0.658656981E-06  
23 E  0.825614444E+04 -0.894527033E+00  0.516055510E+01  0.152028859E+01  0.840224253E+04  0.237291893E-04  0.141143061E-04 -0.237159403E-03  
24 E  0.898663489E+04  0.505174203E+01  0.210143253E+01  0.496831617E-02  0.909256258E+04  0.182927100E-04 -0.177525018E-04  0.847304194E-04  
25 E  0.935190279E+04 -0.128429717E+01  0.517713705E+01  0.121869145E+01  0.937371560E+04  0.199463681E-04  0.400547985E-05  0.364520772E-08  
26 M  0.949732148E+04 -0.509778485E+01  0.634634600E+01 -0.104207863E+01  0.977981313E+04  0.320856026E-07  0.108433291E-06  0.231836713E-06  
27 E  0.100405746E+05 -0.651144578E+01  0.666265567E+00 -0.285752873E+01  0.102597333E+05 -0.212603391E-03 -0.887110573E-04  0.287980639E-03  
28 E  0.104058391E+05 -0.218498242E+00 -0.830989051E+00 -0.710869866E+01  0.104327174E+05 -0.198319382E-04 -0.109337509E-04  0.389788886E-05  
29 E  0.105850277E+05 -0.106135776E+01 -0.447201037E+01  0.563417109E+01  0.108041809E+05 -0.121884536E-03  0.399974336E-03 -0.479861422E-04  
30 E  0.113155383E+05 -0.428135898E+01  0.206012295E+01  0.550816608E+01  0.114397258E+05 -0.346673352E-04 -0.115587020E-03 -0.987414358E-04  
31 E  0.116807958E+05 -0.685166598E+01 -0.240381676E+01 -0.215904717E+00  0.116956026E+05 -0.259582411E-04  0.185325258E-03  0.243521975E-06  
32 M  0.117795078E+05 -0.689250798E+01 -0.938431657E+01  0.700023350E+00  0.119510117E+05  0.112164098E-05 -0.831008355E-04  0.620323756E-06  
33 E  0.123920216E+05 -0.398437476E+01  0.329777855E+01 -0.115876360E+01  0.124577679E+05 -0.217224910E-03 -0.195870507E-03  0.162770342E-03  
34 E  0.127572787E+05  0.252708177E+00  0.398558042E+00 -0.529765723E+01  0.127850700E+05  0.301325892E-03  0.154395441E-03  0.536867032E-04  
35 E  0.129425544E+05  0.271328949E+01  0.436236000E+01  0.746185565E+00  0.135281497E+05  0.107250540E-02  0.155210922E-03 -0.124125709E-01  
36 E  0.136745485E+05  0.221128797E+01 -0.188857928E+01  0.428884033E+01  0.139046600E+05  0.197933430E-03  0.274912055E-03  0.320707638E-03  
37 E  0.140398048E+05  0.305785016E+01  0.413916872E+01  0.469707582E+00  0.140590462E+05  0.182858456E-03  0.832393265E-04  0.127400988E-04  
38 M  0.141680806E+05  0.295192833E+01  0.601659142E+01 -0.746970859E+00  0.142572622E+05 -0.226135206E-06  0.548868269E-06 -0.430355597E-07  
39 E  0.147626242E+05 -0.429780137E+01  0.288814799E+01 -0.304757868E+00  0.149890959E+05  0.388023543E-04  0.119394518E-04 -0.618374107E-04  
40 E  0.151279011E+05 -0.283528380E+00 -0.344914963E+00 -0.517265679E+01  0.151549439E+05  0.578953097E-05 -0.232437361E-05 -0.313548893E-06  
41 E  0.153081868E+05 -0.454632395E+01 -0.267295086E+01  0.822919525E+00  0.154615975E+05  0.293299254E-05  0.261598633E-05  0.207601081E-03  
42 E  0.160387138E+05 -0.376372858E+01  0.378830859E+01  0.112051133E+00  0.161519399E+05  0.109588397E-04  0.316172083E-04  0.172641456E-03  
43 E  0.164039594E+05 
================ PARENT CYCLER 5.658Gfh-ff3   ======================= 
Parent cycler number                                              166 
Approximate search space (synodic periods after J2000)             20 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 45.11 years (km/s)                        0.004689 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       171.6       ******        6.628       10.310       10.310        
 7        93.4        5.383        5.383        9.486        9.486        
13       139.8        5.878        5.878        8.645        8.645        
19        93.4        6.879        6.879       11.854       11.854        
25       128.8        5.544        5.544        7.443        7.443        
31       113.4        7.621        7.621       10.757       10.757        
37        94.8        5.288        5.288        8.514        8.514        
AVERAGE  119.3        6.099        6.174        9.573        9.573        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            16093.718352 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.794812489E+02 -0.649042041E+01  0.240829214E+00  0.132148904E+01 -0.537425534E+02 -0.110222766E-05 -0.267165975E-04 -0.133288665E-05  
 2 M  0.921100546E+02 -0.102570600E+02 -0.797841944E+00  0.673773112E+00  0.182680093E+03  0.289702562E-07  0.374837990E-07 -0.673077820E-09  
 3 E  0.695910311E+03  0.655404819E+00  0.485332031E+01 -0.268769275E+01  0.805490913E+03  0.566225369E-04  0.427297374E-05 -0.381141859E-03  
 4 E  0.106117898E+04  0.510645673E+00 -0.315482512E-01 -0.554647279E+01  0.108842056E+04 -0.253555309E-05  0.105167667E-05 -0.479231070E-06  
 5 E  0.124278948E+04 -0.506490204E+01  0.185289679E+01 -0.159531898E-02  0.142829678E+04  0.947566998E-06 -0.136705913E-05 -0.790520212E-07  
 6 E  0.195627909E+04 -0.219799136E+01 -0.489210424E+01 -0.470123098E+00  0.207315540E+04  0.252546798E-06 -0.845877967E-06  0.117767399E-03  
 7 E  0.232151758E+04  0.465932899E+01 -0.246788252E+01 -0.108538956E+01  0.233552892E+04 -0.102881349E-05 -0.103024070E-05 -0.261813374E-07  
 8 M  0.241492649E+04  0.791291694E+01 -0.522202793E+01 -0.308291783E+00  0.250704440E+04 -0.175962311E-08 -0.474481106E-09  0.200570595E-09  
 9 E  0.302904590E+04  0.321796317E+01  0.451114189E+01 -0.148810471E+01  0.328107336E+04 -0.365953325E-05 -0.105583674E-05 -0.126453073E-03  
10 E  0.339430309E+04 -0.419200550E+00  0.371729322E+00 -0.572780180E+01  0.343516596E+04 -0.119426466E-06  0.201844796E-06 -0.152582647E-06  
11 E  0.358004341E+04  0.572015031E+01 -0.118299724E+01  0.590878692E+00  0.390146705E+04 -0.834856589E-06  0.698455760E-06 -0.639734056E-04  
12 E  0.431055170E+04  0.416267580E+01  0.411947164E+01  0.792861469E-01  0.442378299E+04  0.614612153E-07  0.157089210E-06 -0.334152053E-05  
13 E  0.467581392E+04 -0.190845401E+01  0.544396791E+01  0.112875450E+01  0.469678399E+04 -0.483048339E-07  0.201390097E-06  0.337076688E-08  
14 M  0.481561438E+04 -0.700689426E+01  0.501227518E+01 -0.724022632E+00  0.504916832E+04 -0.119793169E-07  0.873075260E-09 -0.446264965E-08  
15 E  0.535876308E+04 -0.611906659E+01 -0.113999906E+01 -0.282256027E+01  0.560349071E+04 -0.222790081E-05  0.202133193E-05  0.622939779E-04  
16 E  0.572402820E+04  0.229556714E-01 -0.784265760E+00 -0.680635556E+01  0.575085102E+04 -0.497346229E-07 -0.731174465E-07  0.167110588E-07  
17 E  0.590284698E+04  0.463170587E+00  0.541158143E+01  0.424720214E+01  0.652377988E+04  0.663513151E-03  0.687621433E-04 -0.233143114E-04  
18 E  0.663335628E+04 -0.562579033E+01  0.642743488E+00  0.392173996E+01  0.675024213E+04  0.335488539E-05  0.641226376E-04  0.441566226E-03  
19 E  0.699862456E+04 -0.519248511E+01 -0.448344124E+01 -0.503435401E+00  0.701264151E+04 -0.159383993E-07  0.356304531E-07  0.262591578E-08  
20 M  0.709207085E+04 -0.429410800E+01 -0.110371249E+02  0.518231053E+00  0.729834837E+04 -0.395663891E-06  0.863583219E-06  0.390262971E-08  
 237
21 E  0.771715426E+04 -0.537465069E+01  0.153604879E+01 -0.718652504E+00  0.783403025E+04 -0.154200000E-05  0.466192596E-06  0.111066025E-03  
22 E  0.808239171E+04  0.848501761E-01  0.506464401E+00 -0.560319617E+01  0.811032290E+04 -0.231107045E-05 -0.326749796E-06 -0.134503546E-06  
23 E  0.826859961E+04  0.119752990E+01 -0.542049762E+01  0.194587279E+00  0.883106451E+04 -0.819575590E-05 -0.115314155E-04 -0.129830631E-03  
24 E  0.899907350E+04  0.536170484E+01 -0.133665509E+01  0.430012782E+00  0.905751695E+04 -0.172298818E-06  0.127168446E-05  0.114785078E-05  
25 E  0.936434506E+04  0.199990340E+01  0.510617815E+01  0.812971625E+00  0.938367245E+04 -0.956236164E-06  0.414261481E-06 -0.128069091E-06  
26 M  0.949319431E+04  0.930639710E+00  0.728703888E+01 -0.119409996E+01  0.960401999E+04 -0.114970600E-08  0.219513316E-08  0.604728588E-09  
27 E  0.100473227E+05 -0.455608431E+01  0.486192845E+01 -0.322053164E+01  0.102920609E+05  0.985109401E-05  0.481133246E-04  0.880659997E-03  
28 E  0.104126036E+05 -0.755489038E+00 -0.529794207E+00 -0.733963050E+01  0.104868996E+05 -0.179411633E-05  0.176997441E-05  0.121379385E-06  
29 E  0.105938134E+05  0.525603049E+01  0.205903342E+01  0.513482670E+01  0.112147449E+05 -0.178879208E-04  0.392671266E-04  0.224155195E-04  
30 E  0.113243211E+05 -0.201576049E+01  0.465939764E+01  0.570256934E+01  0.114375508E+05 -0.129373397E-04 -0.945628889E-05 -0.386185515E-04  
31 E  0.116895783E+05 -0.696825796E+01  0.305440988E+01  0.443432757E+00  0.117065812E+05  0.335893395E-05 -0.603301248E-06 -0.238314619E-06  
32 M  0.118029309E+05 -0.101377670E+02 -0.351655933E+01  0.759114770E+00  0.119822731E+05 -0.124835771E-07 -0.163026717E-07  0.416524494E-09  
33 E  0.124007381E+05 -0.898406308E+00  0.529673978E+01 -0.954695853E+00  0.125139675E+05  0.353067214E-05  0.100061329E-05 -0.898711105E-04  
34 E  0.127659944E+05  0.486783109E+00  0.135231768E+00 -0.545181905E+01  0.127934059E+05 -0.482110071E-06  0.337069406E-06 -0.694639514E-07  
35 E  0.129487381E+05 -0.529339995E+01 -0.221332821E-01 -0.176283230E-02  0.132353043E+05  0.227240881E-05 -0.609391443E-06  0.171686784E-08  
36 E  0.136651537E+05 -0.348744196E+00 -0.526546991E+01 -0.337867549E+00  0.137783873E+05 -0.165508257E-06 -0.620616710E-07 -0.614959508E-06  
37 E  0.140304233E+05  0.509227607E+01 -0.109189992E+01 -0.914220162E+00  0.140446437E+05 -0.563834263E-07 -0.138196827E-06 -0.120580480E-07  
38 M  0.141252255E+05  0.824816430E+01 -0.199506694E+01 -0.687234681E+00  0.143442577E+05  0.576957755E-09  0.481002046E-09  0.616494678E-10  
39 E  0.147510316E+05  0.173380256E+00  0.437317806E+01 -0.284984031E+01  0.148167795E+05 -0.562224228E-05 -0.169475088E-05  0.104012469E-04  
40 E  0.151162977E+05 -0.458066932E+00  0.746693670E-01 -0.521975977E+01  0.151439012E+05  0.544812324E-05 -0.424112321E-05 -0.108176487E-05  
41 E  0.153003211E+05  0.525830462E+01  0.126073102E+01  0.108218865E+00  0.155340688E+05 -0.260365458E-05  0.582960112E-06  0.124306614E-07  
42 E  0.160307827E+05  0.119019929E+01  0.525901093E+01 -0.128637445E+00  0.161440152E+05  0.534971418E-05  0.172737041E-05  0.157152354E-03  
43 E  0.163960491E+05 
================ PARENT CYCLER 5.658Gfh+ff3   ======================= 
Parent cycler number                                              167 
Approximate search space (synodic periods after J2000)             17 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.81 years (km/s)                        0.054344 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       116.7       ******        5.950        7.385        7.385        
 7       117.0        7.592        7.591       10.393       10.393        
13        96.6        5.328        5.327        9.523        9.523        
19       140.1        5.857        5.856        8.643        8.643        
25        93.5        6.882        6.882       11.840       11.840        
31       129.2        5.531        5.531        7.442        7.442        
37       113.6        7.608        7.608       10.724       10.724        
AVERAGE  115.2        6.466        6.392        9.421        9.421        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13753.826276 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.159366871E+02  0.357976301E+01  0.471144876E+01  0.621330897E+00  0.334375390E+02  0.116436998E-02  0.725445035E-03 -0.787797960E-04  
 2 M  0.132609033E+03  0.228884968E+01  0.693243083E+01 -0.111251657E+01  0.244087369E+03  0.174541939E-05 -0.141313371E-05  0.949344929E-06  
 3 E  0.690000711E+03 -0.367746199E+01  0.533836620E+01  0.353976601E+01  0.752095862E+03 -0.245760806E-03 -0.257712752E-03  0.484822980E-03  
 4 E  0.105526630E+04 -0.823902117E+00 -0.414458490E+00  0.731039406E+01  0.108252964E+04  0.477982602E-04  0.199624519E-04  0.132578966E-04  
 5 E  0.123702191E+04 -0.415839399E+01 -0.168978557E+01 -0.614756407E+01  0.135390364E+04  0.129470966E-03  0.871816071E-04  0.381376562E-04  
 6 E  0.196753273E+04 -0.163990608E+01  0.559263809E+01 -0.488484854E+01  0.208075898E+04 -0.130405078E-03 -0.116024736E-04  0.117269774E-02  
 7 E  0.233277872E+04 -0.641107987E+01  0.402658939E+01  0.560184994E+00  0.235032882E+04  0.591648560E-04 -0.395468013E-04 -0.199359394E-05  
 8 M  0.244977938E+04 -0.101479256E+02 -0.219218222E+01  0.486043928E+00  0.253460293E+04 -0.402664220E-07 -0.532609803E-07 -0.882265463E-08  
 9 E  0.301526970E+04 -0.279371193E+00 -0.196841169E+01  0.509635932E+01  0.313945649E+04  0.123874330E-02  0.354701174E-03 -0.185373513E-04  
10 E  0.338052497E+04  0.468207582E+00 -0.193867676E+00  0.544441980E+01  0.340757640E+04 -0.104429786E-04  0.438190607E-04  0.488954817E-05  
11 E  0.356086788E+04  0.481823370E+01 -0.169173749E+01 -0.149969020E+01  0.369235960E+04  0.312242490E-04  0.591712827E-05  0.101306331E-03  
12 E  0.429137741E+04 -0.144549560E+01 -0.209331729E+01 -0.467429070E+01  0.441921505E+04 -0.828086892E-05 -0.233059841E-03  0.407411650E-04  
13 E  0.465662782E+04  0.470024797E+01 -0.225845286E+01 -0.108581475E+01  0.467111347E+04  0.525197614E-04 -0.253266447E-04  0.454874581E-05  
14 M  0.475319885E+04  0.785591586E+01 -0.537352216E+01 -0.305732262E+00  0.489474855E+04  0.736261560E-06  0.774433268E-07  0.476816487E-07  
15 E  0.536863232E+04  0.273990693E+01  0.391792743E+01  0.310945254E+01  0.544168383E+04 -0.640467880E-04  0.520297529E-05 -0.274183018E-03  
16 E  0.573388985E+04 -0.411228778E+00  0.369978186E+00  0.569006393E+01  0.576175313E+04 -0.834369808E-05  0.184157717E-04 -0.360437202E-05  
17 E  0.591964504E+04 -0.207185851E+01  0.511935212E+01 -0.187610737E+01  0.607305036E+04 -0.130810342E-04  0.137440278E-04  0.392396216E-03  
18 E  0.665014654E+04  0.416669728E+01  0.408525067E+01  0.490025795E-01  0.670493604E+04  0.417775148E-04 -0.360238708E-04  0.445796111E-05  
19 E  0.701540989E+04 -0.191911717E+01  0.541633875E+01  0.113031499E+01  0.703641950E+04 -0.440089528E-05  0.242350536E-04  0.294445542E-06  
20 M  0.715547400E+04 -0.700433857E+01  0.501148130E+01 -0.719791604E+00  0.730215578E+04 -0.482634514E-08 -0.305095372E-09  0.209068258E-08  
21 E  0.769873986E+04 -0.608739046E+01 -0.114405142E+01  0.286610921E+01  0.791059349E+04  0.407607850E-04  0.717232710E-04 -0.887559023E-04  
22 E  0.806400474E+04  0.240683532E-01 -0.780239795E+00  0.679897443E+01  0.809082738E+04 -0.138779436E-04 -0.210427196E-04 -0.480346876E-05  
23 E  0.824282237E+04  0.143902860E+01 -0.466939523E+01 -0.485271512E+01  0.856424700E+04 -0.838885606E-05 -0.147702143E-03 -0.452272060E-04  
24 E  0.897333290E+04 -0.365920944E+01  0.684655304E+00 -0.579680905E+01  0.909021534E+04 -0.118238330E-03  0.961673393E-03  0.194530591E-03  
25 E  0.933859053E+04 -0.520052724E+01 -0.447835344E+01 -0.504206083E+00  0.935261015E+04 -0.636347148E-05  0.136367785E-04  0.100134682E-05  
26 M  0.943205465E+04 -0.427594215E+01 -0.110283222E+02  0.521044309E+00  0.979425586E+04  0.278590361E-06 -0.256525203E-06 -0.288584021E-07  
27 E  0.100565395E+05 -0.492934644E+01  0.149291766E+01  0.218002586E+01  0.101661099E+05 -0.655833177E-04  0.232113378E-03 -0.843997925E-03  
28 E  0.104217743E+05  0.870115271E-01  0.500255573E+00  0.556201895E+01  0.104497032E+05 -0.874162617E-04 -0.721593692E-06  0.308976575E-05  
29 E  0.106079672E+05  0.276490485E+01  0.464358077E+01 -0.110758486E+01  0.107540592E+05 -0.569042060E-04  0.158546593E-03  0.620427982E-03  
30 E  0.113384274E+05  0.533440156E+01 -0.138087401E+01  0.496033691E+00  0.113932181E+05  0.100575166E-04  0.483800863E-04  0.828637314E-05  
31 E  0.117036992E+05  0.196082800E+01  0.510783316E+01  0.813191143E+00  0.117230823E+05 -0.724771393E-04  0.405015937E-04 -0.619014947E-05  
32 M  0.118329202E+05  0.940271768E+00  0.728563554E+01 -0.119261622E+01  0.119714846E+05  0.697375242E-07 -0.754769341E-07  0.510170992E-07  
33 E  0.123871778E+05 -0.438418172E+01  0.462557393E+01  0.375933385E+01  0.125990414E+05  0.123584241E-02  0.755910309E-04 -0.118433881E-02  
34 E  0.127524598E+05 -0.754958535E+00 -0.526641343E+00  0.733596496E+01  0.127995751E+05 -0.924494865E-05  0.108060012E-04 -0.384079243E-06  
35 E  0.129336726E+05 -0.369713418E+01 -0.253007203E+01 -0.617102929E+01  0.131163000E+05  0.336111216E-04  0.586804295E-04  0.224739500E-04  
36 E  0.136641821E+05 -0.231631739E+01  0.509806143E+01 -0.517246250E+01  0.137628016E+05  0.629397506E-04  0.109456707E-03  0.375282834E-03  
37 E  0.140294394E+05 -0.695129323E+01  0.306050145E+01  0.441362974E+00  0.140464781E+05  0.184665834E-04 -0.345286289E-05 -0.131568639E-05  
38 M  0.141430307E+05 -0.100984880E+02 -0.353107839E+01  0.749210720E+00  0.143694288E+05 -0.517056556E-06 -0.797358629E-06 -0.997266606E-07  
39 E  0.147388152E+05 -0.558761779E+00  0.447776597E+01  0.286735284E+01  0.148118679E+05  0.170370505E-03  0.577232838E-04  0.150671340E-03  
40 E  0.151040786E+05  0.473550678E+00  0.113019982E+00  0.533696572E+01  0.151314710E+05 -0.438660326E-04  0.491240895E-04  0.556423073E-05  
41 E  0.152866949E+05  0.503489775E+01  0.105529471E+01 -0.665418532E+00  0.153962702E+05  0.837585628E-04  0.396554667E-04  0.703420386E-05  
42 E  0.160171968E+05 -0.298785575E+00 -0.793246547E+00 -0.510377819E+01  0.162253899E+05  0.392629630E-03  0.108087699E-03  0.949420832E-04  
43 E  0.163824478E+05 
================ PARENT CYCLER 5.658Gfh+ff3   ======================= 
Parent cycler number                                              168 
Approximate search space (synodic periods after J2000)             14 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.92 years (km/s)                        0.008882 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        82.6       ******       10.086       11.851       11.851        
 7       121.0        5.634        5.634        7.378        7.378        
13       117.2        7.563        7.563       10.393       10.393        
19        96.5        5.328        5.328        9.525        9.525        
25       140.2        5.848        5.848        8.639        8.639        
31        93.9        6.856        6.856       11.736       11.736        
37       139.3        5.194        5.194        6.796        6.796        
AVERAGE  113.0        6.071        6.644        9.474        9.474        
 238
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            11413.934201 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.964732407E+00 -0.920735780E+01 -0.409796626E+01 -0.408910058E+00  0.114326224E+02 -0.461589175E-06  0.936537147E-06 -0.794051942E-07  
 2 M  0.816842999E+02 -0.548630268E+01 -0.104879104E+02  0.591228760E+00  0.174810839E+03  0.175487707E-08 -0.242473013E-08  0.375539492E-10  
 3 E  0.702527890E+03 -0.492000549E+01  0.204971690E+01  0.215930457E+01  0.815752852E+03 -0.170385594E-04 -0.450147608E-04 -0.635616855E-03  
 4 E  0.106776970E+04  0.145041802E+00  0.516975560E+00  0.571793061E+01  0.109567331E+04 -0.125046751E-07 -0.120758431E-08  0.872401507E-09  
 5 E  0.125379376E+04 -0.880864572E+00 -0.515063181E+01 -0.215229793E+01  0.187472685E+04 -0.155512275E-02  0.242580635E-03 -0.878594417E-04  
 6 E  0.198430328E+04  0.528196290E+01 -0.195471489E+01 -0.250220678E+00  0.203909368E+04  0.146918414E-08  0.464773105E-08  0.302755035E-08  
 7 E  0.234957262E+04  0.303190049E+01  0.470883253E+01  0.612758366E+00  0.236772667E+04 -0.864188825E-08  0.923929339E-08  0.145065097E-09  
 8 M  0.247059964E+04  0.239336569E+01  0.689278434E+01 -0.109291207E+01  0.258241620E+04 -0.175942387E-08  0.112625277E-08  0.188809258E-09  
 9 E  0.302968247E+04 -0.372062308E+01  0.550479518E+01  0.312143118E+01  0.327440979E+04  0.135337248E-05  0.124801105E-04 -0.255914322E-03  
10 E  0.339494712E+04 -0.815691687E+00 -0.406966037E+00  0.726656408E+01  0.342221246E+04 -0.103982090E-05 -0.369341105E-06 -0.280827852E-06  
11 E  0.357671601E+04  0.459124713E+01  0.310554699E+01 -0.514889446E+01  0.419765008E+04 -0.163469405E-04  0.110284732E-03 -0.595794154E-04  
12 E  0.430722668E+04 -0.208882222E+01  0.656145833E+01 -0.316564184E+01  0.442775849E+04 -0.693142510E-04 -0.244520799E-04  0.667386643E-03  
13 E  0.467247461E+04 -0.639139529E+01  0.400526281E+01  0.560459463E+00  0.469004948E+04 -0.118918167E-05  0.851424566E-06  0.446499123E-07  
14 M  0.478964041E+04 -0.101477179E+02 -0.218980457E+01  0.486260857E+00  0.487447182E+04  0.513051213E-09  0.810385608E-09 -0.870991585E-11  
15 E  0.535518309E+04 -0.263298226E+00 -0.193045229E+01  0.510929755E+01  0.555607350E+04  0.320914856E-03  0.959238051E-03 -0.166925642E-03  
16 E  0.572043837E+04  0.467972450E+00 -0.193477614E+00  0.544264177E+01  0.574748998E+04 -0.194754640E-07  0.804174156E-07  0.908342323E-08  
17 E  0.590078247E+04 -0.523978623E+01  0.917150533E+00  0.102265677E+00  0.622221278E+04  0.516055467E-06 -0.216126084E-06 -0.114386152E-03  
18 E  0.663130590E+04 -0.174840730E+01 -0.279615173E+01 -0.417455084E+01  0.677740603E+04  0.494168407E-03 -0.177799359E-05 -0.227066720E-04  
19 E  0.699655623E+04  0.470118356E+01 -0.226028801E+01 -0.108589451E+01  0.701103594E+04  0.476118682E-07 -0.223018983E-07  0.410384880E-08  
20 M  0.709308762E+04  0.785719980E+01 -0.537573116E+01 -0.304134916E+00  0.718538539E+04  0.875317247E-10  0.205052502E-10 -0.608186431E-11  
21 E  0.770840604E+04  0.332336893E+01  0.456282587E+01  0.852344904E+00  0.796043449E+04 -0.282421069E-06  0.327208702E-08  0.191005660E-04  
22 E  0.807366467E+04 -0.411702250E+00  0.371755932E+00  0.569944685E+01  0.810152864E+04  0.462153486E-09 -0.986249294E-09  0.252910486E-09  
23 E  0.825942445E+04  0.567826010E+01 -0.125550107E+01 -0.556798361E+00  0.858084727E+04 -0.339192503E-05  0.330551696E-05  0.217064840E-03  
24 E  0.898993087E+04  0.416762511E+01  0.407242967E+01 -0.608579241E-03  0.905933097E+04 -0.511602850E-09  0.388187765E-09  0.667188199E-09  
25 E  0.935519460E+04 -0.192180530E+01  0.540612125E+01  0.113085302E+01  0.937622171E+04  0.112430012E-09 -0.553416895E-09 -0.626983324E-11  
26 M  0.949537536E+04 -0.700327420E+01  0.500802276E+01 -0.714131171E+00  0.961492022E+04  0.362652925E-10 -0.133328767E-10 -0.128653828E-11  
27 E  0.100387611E+05 -0.608622691E+01 -0.115428905E+01  0.283411435E+01  0.102834883E+05 -0.289280306E-05  0.145630010E-05 -0.725707866E-04  
28 E  0.104040255E+05  0.255013426E-01 -0.777664735E+00  0.678681546E+01  0.104308480E+05 -0.137324927E-06 -0.216744142E-06 -0.492840381E-07  
29 E  0.105828416E+05  0.194094686E+01  0.544954764E+01 -0.371184862E+01  0.112037755E+05  0.598468466E-03  0.145370580E-03  0.277516049E-04  
30 E  0.113133521E+05 -0.382080226E+01  0.666149749E+00 -0.566219636E+01  0.114850231E+05 -0.452157167E-03  0.560223624E-03  0.126096443E-03  
31 E  0.116786096E+05 -0.520804440E+01 -0.442950217E+01 -0.508306595E+00  0.116926942E+05 -0.685783030E-07  0.135495796E-06  0.982678288E-08  
32 M  0.117725071E+05 -0.415794532E+01 -0.109613660E+02  0.547464271E+00  0.119335278E+05  0.373432979E-10 -0.114109849E-09 -0.225738384E-12  
33 E  0.123918176E+05 -0.488005650E+01  0.185143603E+01  0.794910081E+00  0.125050405E+05 -0.206104627E-05 -0.580548603E-05 -0.221257484E-03  
34 E  0.127570528E+05  0.106889922E+00  0.448614672E+00  0.526960310E+01  0.127849619E+05 -0.161794972E-08 -0.199476370E-07  0.348760047E-08  
35 E  0.129431137E+05 -0.248701813E+00 -0.520174686E+01 -0.131538202E+00  0.132207006E+05 -0.801056232E-08 -0.323435650E-07 -0.186741603E-07  
36 E  0.136736055E+05  0.462192987E+01 -0.160419216E+01  0.179917411E+01  0.137831846E+05 -0.376674515E-06 -0.102950438E-05  0.183996442E-04  
37 E  0.140388692E+05  0.175529560E+01  0.480896965E+01  0.874894863E+00  0.140597688E+05 -0.115792728E-07 -0.272899517E-07  0.127849199E-08  
38 M  0.141781994E+05  0.325548863E+00  0.676270465E+01 -0.587130770E+00  0.142663404E+05 -0.890842509E-11  0.236937984E-10 -0.466150538E-12  
39 E  0.147658057E+05 -0.355505949E+01  0.642680901E+00  0.372071195E+01  0.150214920E+05 -0.274006708E-05  0.381944429E-05 -0.787736551E-04  
40 E  0.151310718E+05 -0.153066414E+00 -0.427918741E+00  0.518069338E+01  0.151579695E+05 -0.208381895E-06 -0.198697901E-06 -0.453417864E-07  
41 E  0.153103894E+05  0.151245155E+00  0.529053076E+01  0.269707251E-01  0.155441299E+05  0.100029483E-06  0.241460303E-06 -0.196887957E-09  
42 E  0.160408286E+05 -0.482084044E+01  0.214358556E+01  0.271945931E+00  0.160956205E+05  0.267467163E-07  0.711311554E-07 -0.485475960E-07  
43 E  0.164061080E+05 
================ PARENT CYCLER 5.658Gfh-fff3  ======================= 
Parent cycler number                                              169 
Approximate search space (synodic periods after J2000)             17 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 44.65 years (km/s)                        0.017508 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        91.9       ******       12.037        7.446        7.446        
 8       115.0        7.947        7.947       10.402       10.402        
15        96.7        5.326        5.326        9.527        9.527        
22       140.1        5.852        5.852        8.645        8.645        
29        93.5        6.870        6.870       11.848       11.848        
36       129.1        5.536        5.536        7.437        7.437        
43       114.2        7.600        7.600       10.611       10.611        
AVERAGE  111.5        6.522        7.310        9.416        9.416        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13753.826276 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.573974892E+02  0.928129178E+01  0.762485905E+01  0.786175573E+00  0.711779720E+02  0.255634330E-05  0.212099865E-05 -0.227472344E-06  
 2 M  0.149267375E+03  0.135499636E+01  0.720265400E+01 -0.131205833E+01  0.241631103E+03 -0.113141661E-07  0.821322981E-08  0.919851312E-09  
 3 E  0.692583426E+03 -0.412201688E+01  0.538152754E+01 -0.368569502E+01  0.937315067E+03  0.172261710E-04  0.446555363E-04  0.730238858E-03  
 4 E  0.105785453E+04 -0.877455284E+00 -0.486373560E+00 -0.764247089E+01  0.110688446E+04 -0.397343296E-07 -0.234644904E-06  0.396839833E-07  
 5 E  0.123944686E+04  0.399648607E+01 -0.525970662E+01  0.443948559E+01  0.148780995E+04  0.329948313E-04  0.784191979E-04  0.107424799E-02  
 6 E  0.160468670E+04  0.998369721E+00  0.379054373E+00  0.789162077E+01  0.186401625E+04  0.309062816E-03 -0.954410882E-03 -0.300876027E-03  
 7 E  0.196993958E+04 -0.165133882E+01  0.528503224E+01  0.572330539E+01  0.208316835E+04 -0.132975786E-03 -0.579194218E-04 -0.722954850E-03  
 8 E  0.233519367E+04 -0.666426367E+01  0.429342202E+01  0.557168769E+00  0.235244076E+04 -0.330779069E-06  0.424351572E-07 -0.303806178E-08  
 9 M  0.245017424E+04 -0.101499880E+02 -0.222261246E+01  0.483789620E+00  0.253490501E+04  0.137951625E-09  0.214050209E-09  0.156575326E-11  
10 E  0.301504606E+04 -0.163264403E+01 -0.521389159E+01 -0.556879968E+00  0.326340882E+04 -0.121048659E-04  0.145176269E-04 -0.172251451E-03  
11 E  0.338028541E+04  0.469408594E+00 -0.198525492E+00 -0.545471497E+01  0.340733506E+04 -0.192765323E-07  0.975167043E-07 -0.103640978E-07  
12 E  0.356061643E+04 -0.245758856E+01 -0.437825974E+01  0.179694603E+01  0.367384420E+04  0.199949108E-04 -0.107048626E-04 -0.358661331E-03  
13 E  0.392586731E+04 -0.255961728E+01 -0.466485922E+01  0.165893059E+00  0.404275345E+04 -0.102393302E-06  0.289667395E-07  0.969201668E-05  
14 E  0.429113649E+04 -0.133819253E+01 -0.182425512E+01 -0.481591316E+01  0.443723667E+04  0.471351731E-03  0.387904258E-04 -0.166019943E-04  
15 E  0.465638695E+04  0.470406328E+01 -0.224921037E+01 -0.108601164E+01  0.467089460E+04  0.587627297E-07 -0.322409627E-07  0.525803464E-08  
16 M  0.475310465E+04  0.785366357E+01 -0.538388186E+01 -0.304281161E+00  0.484541670E+04  0.135348374E-09  0.453423626E-10 -0.617057862E-11  
17 E  0.536851832E+04  0.230357303E+01  0.341315274E+01 -0.394967919E+01  0.562785094E+04 -0.230621026E-04  0.786891128E-06 -0.339769114E-03  
18 E  0.573377554E+04 -0.410706967E+00  0.369393511E+00 -0.569352301E+01  0.576163904E+04 -0.984411725E-08  0.228062511E-07  0.444493955E-08  
19 E  0.591953223E+04 -0.213679619E+01 -0.343965622E+01  0.420061258E+01  0.617522385E+04 -0.663470244E-04  0.344447888E-05 -0.890583840E-03  
20 E  0.628480598E+04  0.321954898E+00 -0.477846669E+00  0.579956881E+01  0.641264670E+04  0.330709360E-03 -0.614752666E-04  0.333874889E-04  
21 E  0.665006517E+04  0.409257545E+01  0.398607871E+01  0.116933033E+01  0.676329696E+04  0.464739799E-05 -0.467582859E-05  0.162734046E-03  
22 E  0.701532899E+04 -0.192386375E+01  0.540928511E+01  0.113079996E+01  0.703634475E+04 -0.446324001E-08  0.269296730E-07  0.294591639E-09  
23 M  0.715543405E+04 -0.700383485E+01  0.501593427E+01 -0.724724918E+00  0.739443543E+04  0.108726435E-10 -0.925728880E-11 -0.244173599E-11  
24 E  0.769861900E+04 -0.616160072E+01 -0.113896668E+01 -0.273171694E+01  0.794334670E+04 -0.214335695E-05  0.231904659E-05  0.646866390E-04  
25 E  0.806388422E+04  0.225308527E-01 -0.784478399E+00 -0.680756427E+01  0.809070710E+04 -0.462650393E-07 -0.672780598E-07  0.153214470E-07  
26 E  0.824270344E+04  0.635953784E+01  0.942418608E+00  0.249509475E+01  0.849106496E+04 -0.170499906E-04  0.195066368E-04  0.576793258E-03  
27 E  0.860794097E+04  0.646616270E+00  0.821796816E+00  0.680477604E+01  0.885631435E+04  0.162377558E-02  0.465270873E-03 -0.122081473E-03  
28 E  0.897319594E+04 -0.571221477E+01  0.643875920E+00  0.377987197E+01  0.909008173E+04  0.202939730E-05  0.569577050E-04  0.407098487E-03  
29 E  0.933846401E+04 -0.518541840E+01 -0.447859866E+01 -0.503470856E+00  0.935249167E+04 -0.146548106E-07  0.342378354E-07  0.254120183E-08  
30 M  0.943198175E+04 -0.428849556E+01 -0.110327543E+02  0.519550010E+00  0.963193023E+04  0.703424985E-09 -0.159590434E-08  0.937245723E-11  
31 E  0.100568208E+05 -0.535401960E+01  0.155124123E+01 -0.695587538E+00  0.101736966E+05 -0.139652145E-05  0.993000605E-06  0.109658839E-03  
32 E  0.104220577E+05  0.857134459E-01  0.503004395E+00 -0.558580218E+01  0.104499880E+05 -0.242679947E-05 -0.229160740E-06 -0.121353518E-06  
33 E  0.106082597E+05  0.354806971E+01 -0.108680704E+01  0.410878542E+01  0.107689723E+05  0.178209438E-03 -0.401330775E-03 -0.109857599E-04  
34 E  0.109735155E+05  0.511120193E+01 -0.133404722E+01  0.170790273E+01  0.110867374E+05  0.904424414E-05  0.240346305E-04 -0.526971836E-03  
35 E  0.113387475E+05  0.535240881E+01 -0.135442948E+01  0.408392335E+00  0.114446763E+05 -0.367464017E-06  0.278727176E-05 -0.826515731E-05  
36 E  0.117040192E+05  0.198479045E+01  0.510402935E+01  0.813440781E+00  0.117233769E+05 -0.227083491E-05  0.101847731E-05 -0.178102684E-06  
 239
37 M  0.118330704E+05  0.929095292E+00  0.728259111E+01 -0.118955379E+01  0.119383854E+05  0.141851624E-08 -0.282378144E-08 -0.507595671E-10  
38 E  0.123873597E+05 -0.456094026E+01  0.484768767E+01 -0.319921055E+01  0.126320980E+05  0.133956450E-04  0.486587027E-04  0.879652453E-03  
39 E  0.127526408E+05 -0.751065550E+00 -0.529070141E+00 -0.732470519E+01  0.128015650E+05  0.546742619E-07 -0.617402666E-07 -0.252939255E-08  
40 E  0.129338418E+05  0.434826502E+01 -0.467377148E+01  0.415165228E+01  0.131822055E+05  0.205254320E-04  0.666287806E-04  0.928418034E-03  
41 E  0.132990825E+05  0.948675223E+00  0.334986626E+00  0.754948124E+01  0.135547600E+05  0.182358525E-03 -0.722051371E-03 -0.281776822E-03  
42 E  0.136643361E+05 -0.232308019E+01  0.507953347E+01  0.517637777E+01  0.137775660E+05  0.385696619E-05  0.234660538E-05  0.234583665E-04  
43 E  0.140295939E+05 -0.692275405E+01  0.310643984E+01  0.433730035E+00  0.140467252E+05 -0.104982952E-06  0.164752625E-07  0.745722886E-08  
44 M  0.141438024E+05 -0.996928819E+01 -0.357143606E+01  0.665173267E+00  0.144397411E+05 -0.158777631E-09 -0.653433311E-10  0.506688119E-10  
45 E  0.147240744E+05  0.274081814E+00 -0.499597439E+01 -0.254833448E+00  0.149724670E+05 -0.221518093E-04  0.114787978E-04 -0.862850899E-04  
46 E  0.150893577E+05  0.403787279E+00 -0.177789183E-01 -0.500573987E+01  0.151165998E+05 -0.313730557E-05  0.484849220E-05 -0.553898155E-06  
47 E  0.152709721E+05 -0.218955983E+00  0.469510878E+01  0.125263963E+01  0.155229862E+05 -0.139508670E-04  0.543038979E-06  0.270032754E-03  
48 E  0.156362099E+05 -0.469476813E+00 -0.144643351E+01  0.460481260E+01  0.158444062E+05  0.449720428E-03  0.187661116E-02  0.130558137E-03  
49 E  0.160014666E+05 -0.571406679E+00 -0.478891388E+01 -0.484027859E+00  0.160927833E+05 -0.973537562E-06 -0.173170740E-06  0.160141198E-05  
50 E  0.163667334E+05 
================ PARENT CYCLER 5.658Gfh+fff3  ======================= 
Parent cycler number                                              170 
Approximate search space (synodic periods after J2000)             10 
Number of steps to walk eccentricity/inclination             81 /  81 
Number of cycles                                                    7 
Total delta v over 44.66 years (km/s)                        0.023400 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        99.8       ******       11.530        7.656        7.656        
 8       108.7        7.969        7.969       11.009       11.009        
15       113.8        5.775        5.775        8.612        8.612        
22       135.1        6.269        6.269        9.135        9.135        
29        87.9        6.510        6.510       12.331       12.331        
36       169.2        7.251        7.251        7.520        7.520        
43       110.4        7.192        7.192       11.070       11.070        
AVERAGE  117.8        6.828        7.499        9.619        9.619        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             8294.078101 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.516037828E+02  0.646623418E+01  0.949426948E+01  0.996869452E+00  0.665715073E+02  0.965885552E-05  0.680557665E-05 -0.200530275E-06  
 2 M  0.151388613E+03 -0.104656910E+01  0.744051485E+01 -0.146880643E+01  0.420413453E+03  0.490383504E-08 -0.100983645E-07 -0.378761831E-09  
 3 E  0.689438292E+03 -0.542475729E+01  0.409042301E+01  0.373731281E+01  0.930521612E+03  0.997865192E-05  0.763256704E-04 -0.110433919E-02  
 4 E  0.105471605E+04 -0.726722396E+00 -0.705017741E+00  0.768349218E+01  0.110891118E+04  0.149488360E-06 -0.685113036E-06 -0.990330256E-07  
 5 E  0.123536648E+04 -0.120655716E+00  0.164476179E+01 -0.780322391E+01  0.149104376E+04 -0.270568606E-04  0.308062220E-03 -0.175369832E-03  
 6 E  0.160061974E+04 -0.393090980E+01  0.573135132E+01 -0.391371274E+01  0.172115195E+04 -0.441940768E-04 -0.345161759E-04  0.395415329E-03  
 7 E  0.196586889E+04 -0.457995045E+01  0.640703553E+01 -0.134924036E+01  0.209005671E+04  0.560102210E-05  0.562078377E-05 -0.110945314E-03  
 8 E  0.233112720E+04 -0.758777535E+01  0.240943579E+01  0.349955387E+00  0.234742833E+04 -0.143715271E-05  0.917436704E-07 -0.969838157E-07  
 9 M  0.243980139E+04 -0.100208355E+02 -0.452006742E+01  0.584819876E+00  0.252437886E+04 -0.620048872E-08 -0.654668718E-08 -0.300564081E-08  
10 E  0.300365116E+04 -0.742024265E+00 -0.502727067E+01  0.304126713E+01  0.308035544E+04  0.155847230E-04 -0.182089904E-04 -0.121215262E-03  
11 E  0.336890964E+04  0.561163175E+00 -0.164269566E+00  0.590949547E+01  0.339602701E+04 -0.110698950E-04  0.649098333E-05  0.246817535E-05  
12 E  0.354969214E+04 -0.209501390E+01 -0.529629682E+01 -0.906713152E+00  0.371770173E+04  0.101793271E-03 -0.295816406E-04  0.882807037E-04  
13 E  0.391493036E+04 -0.107654055E+01 -0.172222457E+01 -0.541560980E+01  0.407564395E+04  0.818141608E-03  0.363903855E-03 -0.274962487E-04  
14 E  0.428018852E+04  0.343255819E+00  0.327056190E+01 -0.475073923E+01  0.449568566E+04 -0.260728726E-04 -0.110552313E-02  0.449039862E-04  
15 E  0.464543791E+04  0.560541962E+01  0.107956397E+01 -0.877304026E+00  0.466250552E+04  0.218283537E-05  0.145139185E-04 -0.891108159E-06  
16 M  0.475922193E+04  0.849985427E+01 -0.128862395E+01 -0.516320858E+00  0.485071292E+04 -0.583576245E-09  0.193844751E-07  0.106863161E-08  
17 E  0.536916182E+04  0.133889738E+01  0.487585744E+01  0.339285974E+01  0.562117704E+04 -0.235553160E-04 -0.416028789E-04  0.869787919E-03  
18 E  0.573440126E+04 -0.592079345E+00  0.246809825E+00  0.606399163E+01  0.577691572E+04  0.802239521E-06  0.338538504E-06  0.130455102E-06  
19 E  0.591924670E+04  0.242277258E+01  0.440762544E+01 -0.373950379E+01  0.602881495E+04 -0.149287799E-03  0.952198019E-04  0.168426531E-02  
20 E  0.628447419E+04  0.285509558E+01  0.556571223E+01  0.103743555E+00  0.640136023E+04  0.326669785E-05 -0.169195714E-06  0.103148566E-03  
21 E  0.664974307E+04  0.287045577E+01  0.554816325E+01 -0.187459810E+00  0.672644555E+04 -0.944502602E-06  0.289764731E-06 -0.107553034E-05  
22 E  0.701499297E+04 -0.296657188E+01  0.542854157E+01  0.101441636E+01  0.703525177E+04  0.941453308E-06 -0.679918930E-06 -0.791899123E-07  
23 M  0.715005161E+04 -0.848757309E+01  0.335673642E+01 -0.374964771E+00  0.731924561E+04  0.160679021E-09 -0.231863753E-09 -0.220998343E-10  
24 E  0.769583870E+04 -0.475523879E+01 -0.242142939E+01  0.375716909E+01  0.794421744E+04 -0.259567223E-04  0.229182231E-04 -0.460323577E-03  
25 E  0.806110156E+04  0.214331621E+00 -0.677432903E+00  0.650481672E+01  0.808791586E+04 -0.329049743E-07 -0.987531294E-07 -0.185981222E-07  
26 E  0.823986356E+04  0.315807323E-01  0.756441682E+00 -0.647912464E+01  0.849919467E+04  0.259021234E-03  0.102411642E-03  0.469472093E-04  
27 E  0.860511864E+04 -0.508462720E+01 -0.834735040E+00 -0.400323539E+01  0.871834309E+04  0.186557635E-04 -0.116672723E-03  0.964234243E-03  
28 E  0.897035878E+04 -0.639295116E+01 -0.126887194E+01 -0.241833564E+00  0.902515093E+04  0.108093950E-07 -0.472090100E-07 -0.406270990E-09  
29 E  0.933563976E+04 -0.234518634E+01 -0.602308435E+01 -0.776343609E+00  0.934882788E+04 -0.183675995E-06  0.149329238E-06 -0.156096031E-07  
30 M  0.942356055E+04 -0.152884987E+01 -0.122041969E+02  0.875590369E+00  0.951034266E+04 -0.967427188E-10  0.135327707E-09 -0.925588343E-10  
31 E  0.100021079E+05  0.518913859E+01 -0.408727558E+01  0.345641658E+01  0.102504827E+05  0.336159774E-06 -0.115567541E-04 -0.979232115E-04  
32 E  0.103673650E+05  0.668762090E+00  0.638727630E+00  0.741467961E+01  0.103950606E+05  0.440770870E-06  0.199196518E-06 -0.114841381E-06  
33 E  0.105520027E+05  0.382969374E+01 -0.514321533E+01 -0.340755806E+01  0.106688790E+05  0.866854753E-04  0.616912585E-04  0.972675831E-03  
34 E  0.109172412E+05 -0.932940003E+00 -0.324218482E+00 -0.719774795E+01  0.111619640E+05  0.561701186E-05 -0.208043273E-03 -0.116335978E-03  
35 E  0.112824990E+05 -0.536723608E+01  0.412977453E+01 -0.263872998E+01  0.115235535E+05  0.211386858E-04 -0.154138782E-04 -0.543497280E-03  
36 E  0.116477330E+05 -0.455871324E+00  0.702976340E+01  0.171651019E+01  0.116731150E+05  0.975564697E-06  0.511331894E-07  0.307203435E-08  
37 M  0.118169461E+05 -0.438198333E+00  0.743090725E+01 -0.106595785E+01  0.119863871E+05 -0.370093146E-10 -0.430325872E-10 -0.227478569E-10  
38 E  0.123817493E+05 -0.470748706E+01  0.307178989E+01  0.418256505E+01  0.126301339E+05  0.869893888E-04  0.133765306E-03 -0.121485229E-02  
39 E  0.127470208E+05 -0.547225359E+00 -0.617435898E+00  0.694511503E+01  0.127740863E+05 -0.900368679E-07 -0.313363627E-06 -0.711177117E-07  
40 E  0.129274575E+05 -0.298165846E+00  0.142656459E+01 -0.703941134E+01  0.130552978E+05  0.308853286E-03  0.794754951E-03 -0.583850909E-04  
41 E  0.132927156E+05 -0.402974955E+01  0.491635565E+01 -0.336049010E+01  0.134095973E+05  0.692277413E-05  0.601367516E-05 -0.800762051E-04  
42 E  0.136579710E+05 -0.411622691E+01  0.499517097E+01 -0.317052090E+01  0.137785045E+05 -0.240259090E-04 -0.206864456E-04  0.295855840E-03  
43 E  0.140232239E+05 -0.712296370E+01  0.971992716E+00  0.206210448E+00  0.140397862E+05 -0.438454582E-06  0.124207658E-06  0.181681977E-07  
44 M  0.141336390E+05 -0.934423449E+01 -0.588926461E+01  0.739970468E+00  0.142567681E+05 -0.244995248E-08 -0.347808608E-08 -0.446726393E-09  
45 E  0.147199680E+05  0.155652006E+01 -0.474557303E+01  0.170766857E+00  0.149647025E+05 -0.723011117E-04  0.170079077E-04 -0.167883531E-03  
46 E  0.150852433E+05  0.389996690E+00  0.925742397E-01  0.499100851E+01  0.151126409E+05 -0.871067815E-05  0.110475278E-04  0.988978160E-06  
47 E  0.152678941E+05 -0.131147974E+01  0.381022531E+01 -0.268739922E+01  0.153372909E+05  0.819675155E-05  0.687271754E-05 -0.196632445E-04  
48 E  0.156331404E+05  0.236244624E+00 -0.277317408E+01 -0.395188736E+01  0.159034287E+05 -0.294595360E-03  0.842035741E-03  0.712927562E-04  
49 E  0.159983949E+05  0.246440887E+00 -0.270763682E+01 -0.399096312E+01  0.162686834E+05  0.521274892E-03 -0.123369637E-02 -0.114151289E-03  
50 E  0.163636497E+05 
================ PARENT CYCLER 5.658Gffh-ff3  ======================= 
Parent cycler number                                              171 
Approximate search space (synodic periods after J2000)             13 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 44.86 years (km/s)                        0.384124 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        96.5       ******       11.127       10.928       10.935        
 8       107.6        5.272        5.533        8.527        8.527        
15       134.2        6.369        6.369        9.138        9.138        
22        87.8        6.525        6.524       12.356       12.356        
29       169.4        7.293        7.294        7.525        7.525        
36       109.2        7.221        7.221       11.319       11.319        
43       126.9        5.975        5.976        7.784        7.784        
AVERAGE  118.8        6.443        7.149        9.654        9.655        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            10633.970176 
 240
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.844863117E+01 -0.104574448E+02  0.378760141E+01  0.313653361E+00  0.229249031E+02 -0.607747407E-04 -0.349338157E-04 -0.353162105E-05  
 2 M  0.104957111E+03 -0.973319971E+01 -0.493978987E+01  0.657025636E+00  0.190260824E+03  0.197828358E-06  0.371610485E-06 -0.100291274E-07  
 3 E  0.673648532E+03  0.231237655E+00 -0.294104848E+01 -0.455382412E+01  0.863581815E+03  0.391146862E-04  0.169461501E-04  0.985483400E-05  
 4 E  0.103890485E+04  0.861766315E+00  0.422953757E+01 -0.327233919E+01  0.114482672E+04 -0.664194603E-04  0.521496079E-04  0.515837736E-03  
 5 E  0.140415270E+04  0.469297114E+00 -0.408431765E-01 -0.538944899E+01  0.143136390E+04 -0.870233045E-05  0.371884937E-04 -0.209886132E-05  
 6 E  0.158556072E+04 -0.963686374E+00 -0.515161712E+01  0.241503590E+00  0.169148785E+04  0.517089835E-04  0.100987941E-04 -0.132402199E-03  
 7 E  0.195082667E+04 -0.532323476E+00 -0.430273484E+00 -0.522953329E+01  0.221015538E+04 -0.637579267E-04  0.593960421E-03  0.255619399E-05  
 8 E  0.231607838E+04  0.539255340E+01  0.928201830E+00 -0.820979056E+00  0.233222439E+04 -0.227931457E-04 -0.217014699E-04  0.220079585E-05  
 9 M  0.242371844E+04  0.846240800E+01 -0.903135487E+00 -0.524632685E+00  0.257536686E+04 -0.274174109E-07  0.188777034E-07  0.165693007E-09  
10 E  0.303031212E+04  0.207948002E+00  0.227349635E+01 -0.572931365E+01  0.322754806E+04 -0.276868951E-03 -0.916072126E-03  0.174831783E-03  
11 E  0.339556387E+04 -0.236471181E+01 -0.423547557E+01 -0.381163388E+01  0.350879137E+04  0.339522165E-04 -0.180709875E-04  0.310208485E-03  
12 E  0.376081389E+04 -0.611156302E+00  0.219297872E+00 -0.614701020E+01  0.378853245E+04  0.196702459E-05 -0.151220838E-05 -0.508950785E-06  
13 E  0.394560427E+04  0.249928844E+01  0.486238947E+01  0.324002626E+01  0.405883828E+04  0.747225649E-04 -0.337944601E-04  0.710637958E-03  
14 E  0.431087528E+04  0.282634048E+01  0.568245097E+01  0.266376804E+00  0.441679696E+04  0.218947024E-05 -0.184157863E-06  0.487744442E-05  
15 E  0.467612246E+04 -0.296217816E+01  0.554717372E+01  0.101068056E+01  0.469625179E+04 -0.210550123E-05  0.739736523E-06  0.136281207E-06  
16 M  0.481031802E+04 -0.849369371E+01  0.334817762E+01 -0.375801603E+00  0.507222558E+04 -0.336801165E-07  0.949853492E-07  0.130301568E-06  
17 E  0.535595878E+04 -0.506535233E+01 -0.253332071E+01 -0.325075575E+01  0.541805340E+04 -0.647534202E-04  0.599610076E-04 -0.182320966E-03  
18 E  0.572122125E+04  0.153456101E+01 -0.218620148E+00 -0.636962334E+01  0.586001701E+04  0.926001240E-03 -0.719805394E-03  0.355792944E-03  
19 E  0.608647324E+04  0.233354271E+00 -0.696733180E+00 -0.651893252E+01  0.611328761E+04  0.937545476E-04  0.112090739E-03 -0.171128316E-04  
20 E  0.626523575E+04 -0.435683349E+01 -0.602629309E+00  0.483974552E+01  0.642960377E+04  0.952151353E-03 -0.897043850E-03  0.311280842E-03  
21 E  0.663049802E+04 -0.637732288E+01 -0.126432821E+01 -0.677307809E+00  0.674738797E+04  0.179933094E-04 -0.226498293E-04 -0.138533656E-03  
22 E  0.699577911E+04 -0.234598909E+01 -0.603841620E+01 -0.776048227E+00  0.700894616E+04 -0.833195442E-04  0.665207923E-04 -0.707833130E-05  
23 M  0.708355943E+04 -0.155390913E+01 -0.122253026E+02  0.886555116E+00  0.726851276E+04 -0.811942830E-07  0.156860716E-07 -0.637091180E-07  
24 E  0.766153857E+04  0.487611874E+01 -0.384503568E+01 -0.422980479E+01  0.771632746E+04  0.187781500E-04  0.367694580E-04 -0.216777455E-04  
25 E  0.802679783E+04  0.269274517E+01 -0.150343612E+01 -0.686750613E+01  0.826055935E+04 -0.567439760E-04  0.350030500E-03 -0.151283720E-03  
26 E  0.839205020E+04  0.680485842E+00  0.658646147E+00 -0.746510646E+01  0.841974038E+04  0.701678294E-04 -0.704912872E-05  0.116566108E-04  
27 E  0.857665137E+04  0.221063367E+01 -0.357028919E+01  0.598227386E+01  0.867161983E+04 -0.170699228E-03 -0.136250102E-03  0.280398396E-04  
28 E  0.894191468E+04 -0.269915719E+01  0.148422667E+01  0.661587297E+01  0.916471372E+04  0.721487436E-05 -0.522255636E-03  0.218796327E-03  
29 E  0.930715901E+04 -0.434803954E+00  0.707165950E+01  0.173312635E+01  0.933257559E+04 -0.801569157E-04  0.354681396E-05 -0.514353028E-06  
30 M  0.947660285E+04 -0.409395589E+00  0.743767964E+01 -0.107021521E+01  0.967997080E+04  0.118606628E-07 -0.217456673E-08  0.110677054E-07  
31 E  0.100415138E+05 -0.574322875E+01  0.404612623E+01  0.475276449E-01  0.101072618E+05 -0.198796499E-05 -0.855219000E-05 -0.455944444E-04  
32 E  0.104067803E+05 -0.409796794E+01  0.258342799E+01 -0.506847158E+01  0.104798306E+05  0.433182372E-04 -0.286961583E-04  0.712028916E-03  
33 E  0.107720319E+05 -0.575944974E+00 -0.609065997E+00 -0.697447379E+01  0.107990996E+05 -0.161823571E-04 -0.688461087E-05  0.391697200E-05  
34 E  0.109524829E+05 -0.310026883E+01  0.410493163E+01  0.506972543E+01  0.110328395E+05  0.244678333E-03  0.325376253E-03  0.317973048E-03  
35 E  0.113177403E+05 -0.415659167E+01  0.509700038E+01  0.302152222E+01  0.114346209E+05 -0.226841759E-04 -0.376380527E-04 -0.123544976E-03  
36 E  0.116829923E+05 -0.716651874E+01  0.859451273E+00  0.222148884E+00  0.116993697E+05  0.154743760E-04 -0.543399379E-05 -0.723307440E-06  
37 M  0.117921748E+05 -0.970947846E+01 -0.578039935E+01  0.651178389E+00  0.120124682E+05 -0.224866532E-06  0.473904179E-07  0.133774325E-06  
38 E  0.123570296E+05 -0.294024881E+00 -0.535501192E+01 -0.302186882E+01  0.124227758E+05 -0.365823189E-03  0.203293338E-04 -0.560834992E-04  
39 E  0.127222862E+05  0.338565708E+00 -0.174294892E+01 -0.591598077E+01  0.127880320E+05  0.799284675E-03 -0.197360038E-03  0.156836380E-03  
40 E  0.130875406E+05  0.630168503E+00 -0.106597314E+00 -0.613655776E+01  0.131147054E+05 -0.150735342E-03  0.201945755E-03 -0.382961608E-04  
41 E  0.132686391E+05 -0.588688894E+00  0.179850041E+00  0.594975281E+01  0.133891737E+05  0.900851769E-03  0.220490447E-03  0.135065796E-03  
42 E  0.136338956E+05  0.129641682E+00  0.397595258E+01  0.446618411E+01  0.138749416E+05  0.540702685E-03 -0.978344808E-03  0.231089329E-02  
43 E  0.139991168E+05  0.534387445E+01  0.259181406E+01 -0.659064743E+00  0.140181510E+05 -0.104879441E-04 -0.221357947E-03 -0.163461620E-05  
44 M  0.141260115E+05  0.764818499E+01  0.120858175E+01 -0.794320363E+00  0.144200264E+05  0.140363586E-05  0.500144156E-05 -0.598219834E-06  
45 E  0.147515752E+05 -0.884811766E+00  0.221036125E+01 -0.467595375E+01  0.148392352E+05 -0.127873602E-02 -0.511129600E-03  0.263674565E-03  
46 E  0.151168252E+05 -0.120013169E+01  0.377425610E+01 -0.345639114E+01  0.151716141E+05  0.653820917E-03  0.361644673E-03 -0.440683273E-03  
47 E  0.154820844E+05 -0.460982930E+00 -0.992431870E-01 -0.521699172E+01  0.155095035E+05 -0.110700479E-02  0.270666987E-03  0.188896895E-03  
48 E  0.156648780E+05 -0.542793087E+00  0.535416726E+01  0.524801962E+00  0.157196684E+05  0.684846825E-03  0.126747627E-03  0.260107713E-03  
49 E  0.160301476E+05 -0.523814593E+00  0.531987685E+01 -0.683346731E+00  0.160849375E+05 -0.102357965E-02 -0.195025631E-03 -0.200830975E-03  
50 E  0.163954138E+05 
================ PARENT CYCLER 5.658Gffh+ff3  ======================= 
Parent cycler number                                              172 
Approximate search space (synodic periods after J2000)              4 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.82 years (km/s)                        0.021825 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       135.2       ******        6.328        8.857        8.857        
 8        91.5        6.670        6.670       11.845       11.845        
15       130.0        5.674        5.674        7.563        7.563        
22       107.7        7.739        7.739       11.509       11.509        
29        80.8        6.937        6.937        8.224        8.224        
36       131.7        6.721        6.721        9.103        9.103        
43        90.5        6.327        6.328       11.455       11.455        
AVERAGE  109.6        6.678        6.628        9.794        9.794        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             3614.293950 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.429816893E+00 -0.225203219E+01  0.581530026E+01  0.107309960E+01  0.198546928E+02  0.847735000E-04 -0.121658830E-03  0.324978399E-05  
 2 M  0.134800248E+03 -0.772452467E+01  0.429687168E+01 -0.558884675E+00  0.249048987E+03 -0.895292836E-07 -0.480197808E-07  0.590139099E-08  
 3 E  0.678841864E+03 -0.635548323E+01 -0.198296323E+01  0.760599513E-01  0.733632662E+03  0.728650040E-05 -0.115362128E-04  0.628950712E-05  
 4 E  0.104411385E+04 -0.568966785E+01 -0.184290636E+01  0.296115491E+01  0.128882471E+04  0.361207243E-04 -0.324167550E-04  0.776004576E-03  
 5 E  0.140935394E+04  0.125634281E+00 -0.749790396E+00  0.663305823E+01  0.143616654E+04 -0.307609283E-05 -0.399045802E-06  0.308653815E-07  
 6 E  0.158810463E+04 -0.354627719E+01  0.214292482E+00 -0.566745416E+01  0.186204495E+04  0.105666842E-02  0.357111529E-03  0.107498916E-03  
 7 E  0.195335839E+04 -0.667589374E+01 -0.301804130E+00 -0.289780317E+00  0.207389605E+04 -0.191857306E-05  0.322900645E-05  0.325016168E-04  
 8 E  0.231862402E+04 -0.413223209E+01 -0.519812730E+01 -0.629629847E+00  0.233235162E+04 -0.684708506E-06 -0.320689702E-05  0.286384719E-06  
 9 M  0.241014139E+04 -0.287213412E+01 -0.114846509E+02  0.406668957E+00  0.263056715E+04  0.671386499E-07 -0.941583198E-07 -0.173674158E-08  
10 E  0.303992929E+04 -0.452491694E+01  0.568502466E+00  0.348615183E+01  0.315314927E+04 -0.101120728E-04 -0.144237908E-03 -0.119139879E-02  
11 E  0.340515504E+04 -0.152712054E+01  0.539908134E+00  0.549454691E+01  0.358778419E+04 -0.879152525E-03  0.551529046E-03 -0.120167837E-03  
12 E  0.377041333E+04  0.645250074E-03  0.559245555E+00  0.570090770E+01  0.383193385E+04  0.110798739E-06 -0.459899148E-07 -0.752965079E-08  
13 E  0.395683914E+04  0.549713462E+01 -0.381628250E+00 -0.141389103E+01  0.407006597E+04  0.902982338E-06  0.982982528E-05  0.211266909E-03  
14 E  0.432208699E+04  0.565725600E+01 -0.364874243E+00 -0.104165699E+00  0.443532305E+04 -0.699665821E-07  0.626165229E-06  0.105390654E-03  
15 E  0.468736459E+04  0.167131262E+01  0.534195930E+01  0.927641332E+00  0.470686274E+04 -0.195059711E-06  0.318928893E-07  0.121989156E-07  
16 M  0.481735227E+04 -0.256990130E+00  0.744837059E+01 -0.128731278E+01  0.509740710E+04  0.164974509E-10 -0.447669855E-10  0.950942964E-11  
17 E  0.536647939E+04 -0.567233183E+01  0.493316186E+01  0.470106875E-01  0.560755831E+04  0.136463667E-05  0.472684699E-06  0.172863954E-03  
18 E  0.573175047E+04 -0.467775583E+01  0.383498665E+01  0.443970059E+01  0.597647579E+04 -0.931267182E-05  0.206799958E-04 -0.164892134E-03  
19 E  0.609701214E+04 -0.728520902E+00 -0.621736144E+00  0.745901967E+01  0.612413235E+04 -0.160173351E-06 -0.108873586E-07 -0.335564203E-07  
20 E  0.627781358E+04 -0.144588139E+01  0.321534539E+01 -0.689616242E+01  0.639834789E+04  0.793268318E-04  0.912492215E-04 -0.916610136E-05  
21 E  0.664306905E+04 -0.420344381E+01  0.642588063E+01 -0.107518155E+01  0.675994938E+04  0.378561888E-04  0.232502738E-04  0.104240445E-04  
22 E  0.700832008E+04 -0.745489292E+01  0.204035563E+01  0.384486327E+00  0.702447751E+04  0.169397162E-06 -0.113601209E-06  0.872594709E-08  
23 M  0.711603633E+04 -0.106245270E+02 -0.434135038E+01  0.852307926E+00  0.720890875E+04  0.584680705E-09  0.127969824E-08 -0.318622056E-10  
24 E  0.773518584E+04 -0.314177830E+01  0.559286740E+01  0.323073482E+01  0.785206162E+04 -0.925242382E-04 -0.569290752E-04 -0.958074836E-03  
25 E  0.810042267E+04 -0.130149731E+01  0.312108550E+01  0.632303028E+01  0.837071329E+04 -0.257821636E-03  0.845977759E-03  0.277598305E-03  
26 E  0.846568027E+04  0.688790120E+00  0.515371605E+00  0.711838691E+01  0.850252494E+04 -0.118246781E-06 -0.503391230E-06  0.968583977E-07  
27 E  0.864990366E+04  0.326928967E+01 -0.557541476E+01 -0.256449795E+01  0.877043442E+04  0.395069384E-04  0.232223879E-04  0.459411489E-03  
28 E  0.901514839E+04  0.358245251E+01 -0.594565358E+01  0.191467285E+00  0.913568957E+04  0.844667073E-06  0.601185745E-06 -0.163707177E-03  
29 E  0.938042470E+04  0.675500531E+01 -0.141543386E+01 -0.696946802E+00  0.939254795E+04  0.101102027E-06  0.717690604E-06 -0.622220031E-07  
30 M  0.946124634E+04  0.818537594E+01  0.575874763E+00 -0.555912996E+00  0.955009768E+04  0.588491752E-09  0.270626314E-08 -0.769086386E-11  
31 E  0.100535886E+05  0.130227799E+01  0.638332544E+01 -0.471072672E+00  0.102982999E+05 -0.107779787E-05  0.759668644E-06 -0.892425032E-05  
 241
32 E  0.104188294E+05  0.116000294E+01  0.600033178E+01  0.228051073E+01  0.106672101E+05  0.151526228E-04  0.417913057E-05 -0.358228566E-03  
33 E  0.107840951E+05 -0.682632915E+00  0.205590744E+00  0.647607341E+01  0.108339361E+05 -0.160990727E-06 -0.112995876E-06 -0.271177974E-07  
34 E  0.109686913E+05  0.250149014E+01  0.569510083E+01 -0.250582418E+01  0.110855763E+05  0.349238782E-04 -0.143571639E-04 -0.431401021E-03  
35 E  0.113339570E+05  0.265070953E+01  0.611608043E+01  0.832380417E+00  0.114508348E+05  0.281105034E-06 -0.227780262E-07  0.294793329E-05  
36 E  0.116992001E+05 -0.294286329E+01  0.595944276E+01  0.997643719E+00  0.117189515E+05  0.189733013E-06  0.198023918E-06  0.131453150E-08  
37 M  0.118308760E+05 -0.849384482E+01  0.326121325E+01 -0.304543904E+00  0.120496907E+05  0.124092973E-08 -0.207034577E-08  0.143019087E-08  
38 E  0.123779127E+05 -0.563019734E+01 -0.294723577E+01 -0.196232997E+00  0.125934138E+05  0.114922306E-03  0.136758115E-03 -0.107607699E-03  
39 E  0.127431689E+05 -0.542348430E+01 -0.287525060E+01  0.174032486E+01  0.129659742E+05  0.350498325E-03  0.127504454E-03  0.437637811E-04  
40 E  0.131084235E+05  0.248875262E+00 -0.640512129E+00  0.632718089E+01  0.131352402E+05 -0.368107129E-06 -0.915352026E-06 -0.157450415E-06  
41 E  0.132872020E+05 -0.332967768E+01 -0.467456169E+00 -0.537147057E+01  0.135611471E+05  0.675814580E-03  0.198016408E-03  0.102249983E-03  
42 E  0.136524621E+05 -0.605070896E+01 -0.146283630E+01 -0.114001661E+01  0.137730057E+05 -0.310086052E-04  0.666150452E-04 -0.328071937E-03  
43 E  0.140177456E+05 -0.263721716E+01 -0.569558069E+01 -0.802801733E+00  0.140313148E+05  0.104102341E-05 -0.843810587E-07  0.836485315E-07  
44 M  0.141082068E+05 -0.573368758E+00 -0.114327855E+02  0.412414737E+00  0.142678256E+05  0.496887746E-09 -0.709747520E-09  0.101741462E-09  
45 E  0.147221254E+05  0.508569639E+01 -0.108333751E+00 -0.387023938E+00  0.147951751E+05 -0.486039816E-05  0.121243897E-04 -0.647516537E-04  
46 E  0.150873743E+05  0.506703352E+01 -0.959415487E-01  0.392820398E+00  0.153357595E+05  0.101806007E-04  0.161229064E-04 -0.634884436E-04  
47 E  0.154526466E+05  0.368410453E-01  0.419339794E+00  0.507264416E+01  0.154805937E+05  0.871198767E-05  0.236446941E-05 -0.541443361E-06  
48 E  0.156389601E+05  0.128190717E+01 -0.531506177E+00 -0.484228343E+01  0.157667998E+05  0.455433479E-04 -0.120744459E-03  0.168092725E-04  
49 E  0.160042164E+05  0.479999109E+01 -0.791638086E+00  0.132782414E+01  0.161137938E+05 -0.286432425E-05  0.158349748E-04 -0.937701679E-04  
50 E  0.163694743E+05 
================ PARENT CYCLER 5.679Gfh-f3    ======================= 
Parent cycler number                                              175 
Approximate search space (synodic periods after J2000)              7 
Number of steps to walk eccentricity/inclination             27 /  27 
Number of cycles                                                    7 
Total delta v over 44.97 years (km/s)                        0.019963 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       100.9       ******        5.677       11.847       11.847        
 6       131.3        5.609        5.609        7.636        7.636        
11       107.6        7.750        7.750       11.529       11.529        
16        80.1        7.011        7.011        8.294        8.294        
21       130.8        6.768        6.768        9.180        9.180        
26        89.7        6.387        6.387       11.649       11.649        
31       138.2        5.602        5.602        7.145        7.145        
AVERAGE  111.2        6.521        6.401        9.611        9.611        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             5954.266420 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.333891608E+02 -0.295984604E+01 -0.480776263E+01 -0.590010118E+00 -0.182533172E+02  0.277463583E-04 -0.446150467E-04  0.367450871E-05  
 2 M  0.675164630E+02 -0.314995175E+01 -0.114117745E+02  0.437251556E+00  0.100591833E+04  0.876515122E-08 -0.139383950E-07 -0.122821227E-08  
 3 E  0.142751916E+04 -0.498637507E+01  0.806526997E+00 -0.252907111E+01  0.154074967E+04 -0.442481261E-05  0.325010145E-04 -0.162492804E-03  
 4 E  0.179277887E+04  0.113961047E-01  0.543235001E+00 -0.563996138E+01  0.182073618E+04 -0.869705586E-05 -0.999913034E-05 -0.198007072E-05  
 5 E  0.197916092E+04  0.544250489E+01 -0.633452310E+00  0.123490677E+01  0.209239716E+04  0.422191973E-05 -0.458985403E-04  0.609605842E-03  
 6 E  0.234443912E+04  0.142207826E+01  0.534555734E+01  0.928393258E+00  0.236414059E+04  0.476766723E-05 -0.687236277E-05 -0.700025260E-06  
 7 M  0.247578227E+04 -0.201022613E+00  0.752959314E+01 -0.125237250E+01  0.335989447E+04 -0.396436821E-08  0.823893908E-08  0.832158899E-09  
 8 E  0.375710430E+04 -0.510810417E+01  0.429781851E+01 -0.352885753E+01  0.399816012E+04  0.688012464E-04 -0.239107092E-04 -0.831677359E-03  
 9 E  0.412234040E+04 -0.735677328E+00 -0.648623079E+00 -0.747562077E+01  0.414945982E+04 -0.340415346E-06  0.938832102E-07  0.511560491E-07  
10 E  0.430313654E+04 -0.301856910E+01  0.504528967E+01  0.506998513E+01  0.442001659E+04 -0.624398955E-04 -0.398730117E-04 -0.463461354E-03  
11 E  0.466838669E+04 -0.746789108E+01  0.203716689E+01  0.385689843E+00  0.468452151E+04 -0.175474189E-06  0.115170659E-06 -0.906530076E-08  
12 M  0.477595217E+04 -0.106487584E+02 -0.433547680E+01  0.854237362E+00  0.526198746E+04  0.563745575E-09 -0.283714490E-08 -0.738182341E-10  
13 E  0.612605020E+04 -0.294932993E+01  0.530803252E+01 -0.390232635E+01  0.618083870E+04  0.138751883E-04  0.978975446E-05  0.133201815E-04  
14 E  0.649130688E+04  0.674827439E+00  0.537841494E+00 -0.718271558E+01  0.651894353E+04 -0.677663777E-06 -0.351394441E-06 -0.184750803E-06  
15 E  0.667555119E+04  0.325092332E+01 -0.547984369E+01  0.293581589E+01  0.679244026E+04 -0.773482080E-04 -0.633889357E-04  0.682189846E-03  
16 E  0.704082954E+04  0.682598846E+01 -0.143706286E+01 -0.703174477E+00  0.705285117E+04  0.169451869E-09 -0.467753009E-06  0.375222023E-07  
17 M  0.712097372E+04  0.825349595E+01  0.592309445E+00 -0.560070722E+00  0.775622432E+04  0.192170337E-07 -0.900401209E-08  0.654897495E-08  
18 E  0.844441247E+04  0.655850803E+00  0.446147235E+01 -0.476616083E+01  0.862338851E+04 -0.308069458E-03 -0.103745434E-02 -0.831929939E-04  
19 E  0.880966970E+04 -0.702250474E+00  0.228683084E+00 -0.653173870E+01  0.883735567E+04  0.375235398E-05 -0.124387729E-05 -0.904460229E-06  
20 E  0.899424286E+04  0.254518033E+01  0.583029546E+01  0.230341324E+01  0.911112047E+04 -0.143122977E-04  0.747248733E-05 -0.237761677E-03  
21 E  0.935948539E+04 -0.298307213E+01  0.599236923E+01  0.100012579E+01  0.937910853E+04  0.269186934E-05  0.338358341E-05  0.465357055E-07  
22 M  0.949030629E+04 -0.855857505E+01  0.330695547E+01 -0.307326036E+00  0.982255315E+04 -0.326377381E-08  0.642060519E-08  0.334859694E-08  
23 E  0.107681789E+05 -0.541062938E+01 -0.286238904E+01 -0.191032595E+01  0.109946433E+05 -0.643146332E-05 -0.270365726E-04  0.585148217E-04  
24 E  0.111334442E+05  0.238573486E+00 -0.634919741E+00 -0.637890044E+01  0.111602613E+05 -0.949833913E-05 -0.587515007E-05  0.483986203E-06  
25 E  0.113122248E+05 -0.501230802E+01 -0.105323797E+01  0.381858307E+01  0.114254646E+05 -0.125909670E-03  0.311955638E-03  0.186010035E-02  
26 E  0.116775145E+05 -0.259658316E+01 -0.578034382E+01 -0.798189997E+00  0.116909660E+05 -0.112335471E-04  0.156216630E-05 -0.906343492E-06  
27 M  0.117671907E+05 -0.726142779E+00 -0.116234525E+02  0.252442864E+00  0.127344734E+05  0.180383852E-02 -0.151422967E-02 -0.863892552E-04  
28 E  0.131295607E+05 -0.541428171E+01 -0.469264723E+00 -0.130319524E+01  0.132354824E+05  0.444552695E-04 -0.974760562E-04  0.228855183E-03  
29 E  0.134948081E+05 -0.108169769E+00  0.499401879E+00 -0.556154238E+01  0.135227845E+05 -0.640910756E-04 -0.133659630E-04 -0.187636773E-06  
30 E  0.136813175E+05  0.549673073E+01  0.681665377E+00  0.685914634E+00  0.137835938E+05 -0.673901330E-04  0.117499382E-03  0.349664308E-03  
31 E  0.140465901E+05  0.129975706E+01  0.534386731E+01  0.106714330E+01  0.140673194E+05 -0.468430389E-04 -0.762207757E-04  0.477528455E-05  
32 M  0.141847856E+05 -0.214482261E+01  0.679215328E+01 -0.564634081E+00  0.148604944E+05  0.232115629E-07 -0.446090378E-08 -0.476047091E-09  
33 E  0.154842256E+05 -0.530467186E+01  0.472374489E+00 -0.896119728E+00  0.157289435E+05  0.467044450E-05  0.761285157E-05  0.276952168E-04  
34 E  0.158494762E+05 -0.881091019E-01 -0.487881290E+00 -0.535800573E+01  0.158763408E+05  0.389497065E-06  0.327533466E-06 -0.706157150E-07  
35 E  0.160285735E+05 -0.505816366E+01  0.159789933E+01  0.127301741E+01  0.161418040E+05 -0.951494797E-07 -0.146435761E-05 -0.171633127E-04  
36 E  0.163938334E+05 
================ PARENT CYCLER 5.679Gfh+f3    ======================= 
Parent cycler number                                              176 
Approximate search space (synodic periods after J2000)             16 
Number of steps to walk eccentricity/inclination              3 /   3 
Number of cycles                                                    7 
Total delta v over 44.90 years (km/s)                        0.010785 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       108.9       ******        5.587        8.565        8.565        
 6       134.0        6.356        6.356        9.180        9.180        
11        89.1        6.423        6.420       11.879       11.879        
16       127.1        6.208        6.208        7.803        7.803        
21       105.8        7.735        7.735       11.412       11.412        
26        94.1        5.854        5.854        7.943        7.943        
31       129.9        6.927        6.927        9.238        9.238        
AVERAGE  112.7        6.584        6.441        9.432        9.432        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            12973.942628 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.262776633E+02  0.543744108E+01  0.976116727E+00 -0.833145466E+00 -0.994185673E+01  0.185645727E-03  0.591046572E-05 -0.800273456E-05  
 2 M  0.826277139E+02  0.849113221E+01 -0.994089098E+00 -0.523154521E+00  0.778373740E+03 -0.234337577E-06 -0.571877688E-06 -0.165580764E-07  
 3 E  0.142060084E+04  0.158707364E+01  0.575783390E+01  0.144554895E+01  0.166897616E+04  0.603654473E-05 -0.141740419E-04  0.290112457E-03  
 4 E  0.178585867E+04 -0.591624350E+00  0.239323884E+00  0.613075509E+01  0.181357891E+04  0.230957982E-05 -0.444573154E-05  0.800879105E-06  
 5 E  0.197066029E+04  0.276266033E+01  0.544484472E+01 -0.170687142E+01  0.208388706E+04 -0.898629900E-05  0.288497090E-05  0.109188197E-03  
 6 E  0.233590794E+04 -0.298588425E+01  0.551897035E+01  0.101325506E+01  0.235601277E+04  0.293159934E-05 -0.126253364E-05 -0.203032317E-06  
 7 M  0.246994017E+04 -0.853904261E+01  0.335544647E+01 -0.325016329E+00  0.268717995E+04  0.603474704E-09 -0.517280566E-09  0.157107818E-09  
 242
 8 E  0.374782126E+04 -0.262808554E+01 -0.174672396E+01  0.562595879E+01  0.398888942E+04 -0.419321847E-03 -0.174612807E-03 -0.743376936E-04  
 9 E  0.411307604E+04  0.235109708E+00 -0.643210268E+00  0.641297649E+01  0.413989231E+04 -0.108790493E-05 -0.517579583E-06 -0.265707278E-07  
10 E  0.429185114E+04 -0.439275940E+01 -0.772131771E+00 -0.462408434E+01  0.456944671E+04 -0.148942361E-02 -0.637316725E-03 -0.204925807E-03  
11 E  0.465710847E+04 -0.250831819E+01 -0.585697389E+01 -0.790729137E+00  0.467047189E+04  0.253042751E-05 -0.853964215E-06  0.207610045E-06  
12 M  0.474619792E+04 -0.952724707E+00 -0.118390265E+02  0.196355898E+00  0.547208923E+04  0.198802716E-10 -0.369304483E-09  0.485769988E-10  
13 E  0.611580417E+04 -0.582234657E+01 -0.104978478E+01  0.184873825E+01  0.623268816E+04 -0.327346002E-05  0.111042641E-04  0.144528469E-03  
14 E  0.648106664E+04 -0.181848668E+00  0.607536844E+00  0.614763166E+01  0.650904105E+04 -0.400847109E-06 -0.854925022E-06  0.146964908E-06  
15 E  0.666756267E+04  0.587360360E+01  0.125609754E+01 -0.152320379E+01  0.678079133E+04 -0.216147079E-06  0.111842815E-05  0.225455956E-04  
16 E  0.703281642E+04  0.157797120E+01  0.591555688E+01  0.102553010E+01  0.705187890E+04  0.408918172E-06 -0.389187929E-06  0.730604527E-08  
17 M  0.715989964E+04 -0.179437564E+01  0.748171875E+01 -0.130089152E+01  0.784888927E+04  0.328325397E-09  0.218957449E-10 -0.109171815E-09  
18 E  0.843580637E+04 -0.582790604E+01  0.338313015E+01  0.344286852E+01  0.867687159E+04 -0.178847666E-05 -0.197473764E-04  0.291921667E-03  
19 E  0.880105670E+04 -0.605940456E+00 -0.760646075E+00  0.748582411E+01  0.882809483E+04 -0.400732871E-06 -0.122817206E-06 -0.916164227E-07  
20 E  0.898131089E+04 -0.380780065E+01  0.443921719E+01 -0.508453844E+01  0.909454267E+04  0.728040329E-04  0.118066946E-03 -0.380392557E-03  
21 E  0.934657471E+04 -0.765984365E+01  0.105420171E+01  0.221624736E+00  0.936244271E+04 -0.442464252E-06 -0.136491020E-06 -0.157113127E-08  
22 M  0.945236136E+04 -0.973839930E+01 -0.589438328E+01  0.805411850E+00  0.994902748E+04  0.162362165E-09 -0.354564577E-09 -0.169897972E-11  
23 E  0.107947022E+05 -0.249276111E+01  0.424504101E+01  0.350362121E+01  0.109079345E+05  0.782784105E-04  0.506825404E-04  0.786217755E-03  
24 E  0.111599677E+05  0.484892595E+00  0.383919312E+00  0.602718065E+01  0.111876050E+05  0.171218348E-05 -0.375140685E-06 -0.228127938E-06  
25 E  0.113442168E+05  0.310567085E+01 -0.487613396E+01 -0.104539272E+01  0.114611026E+05 -0.482709222E-05 -0.444712947E-05 -0.113299683E-03  
26 E  0.117094849E+05  0.570851743E+01  0.122734464E+01 -0.415705815E+00  0.117235993E+05  0.132240134E-05  0.404169433E-06  0.883193436E-07  
27 M  0.118035808E+05  0.753049818E+01  0.243958603E+01 -0.661117380E+00  0.120014920E+05 -0.525884769E-09  0.119232028E-09 -0.186200841E-10  
28 E  0.131229890E+05  0.105772705E+00  0.633768069E+01  0.223707961E+01  0.133713555E+05 -0.233082339E-04 -0.157600097E-04  0.729247629E-03  
29 E  0.134882338E+05 -0.774386730E+00  0.109984214E+00  0.667910964E+01  0.135507913E+05 -0.192189506E-06 -0.346989890E-06 -0.339252081E-07  
30 E  0.136722264E+05  0.155752916E+01  0.596766853E+01 -0.317958119E+01  0.137854546E+05 -0.350949253E-05  0.105673151E-04  0.234054586E-03  
31 E  0.140374787E+05 -0.364763278E+01  0.581879470E+01  0.908037472E+00  0.140569706E+05  0.486944898E-07 -0.692355186E-06  0.286479199E-07  
32 M  0.141674246E+05 -0.902536870E+01  0.195419814E+01  0.263067005E+00  0.149463249E+05 -0.560699830E-07  0.114809891E-07 -0.244459426E-07  
33 E  0.154655918E+05 -0.224393526E+01 -0.337227035E+01  0.320297599E+01  0.155349908E+05  0.308221544E-04 -0.490103650E-05 -0.841129043E-04  
34 E  0.158308499E+05  0.341765504E+00 -0.278475477E+00  0.512914483E+01  0.158577727E+05 -0.228946980E-04  0.458812624E-04  0.816629695E-05  
35 E  0.160103349E+05  0.279191111E+01  0.378885301E+01 -0.182623278E+01  0.160870374E+05  0.301575247E-04 -0.894822399E-05  0.105222969E-03  
36 E  0.163755851E+05 
================ PARENT CYCLER 5.751Ggf3      ======================= 
Parent cycler number                                              177 
Approximate search space (synodic periods after J2000)              3 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 44.68 years (km/s)                        0.001021 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       109.2       ******        9.110        8.410        8.410        
 5        97.3        8.937        8.937       11.551       11.551        
 9       125.8        6.271        6.271        7.990        7.990        
13       127.8        6.894        6.894        9.642        9.642        
17        85.3        6.164        6.164       11.083       11.083        
21       150.9        5.699        5.699        8.293        8.293        
25        97.8        8.236        8.236       11.453       11.453        
AVERAGE  113.4        7.033        7.330        9.775        9.775        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             2835.618682 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.326492572E+02  0.273010275E+01  0.862364072E+01  0.108161991E+01  0.490337809E+02 -0.552785089E-04 -0.450354520E-04 -0.458901941E-05  
 2 M  0.141879415E+03 -0.279802042E+01  0.761679722E+01 -0.221160319E+01  0.317312754E+03  0.760090166E-08  0.220522442E-07  0.165310671E-07  
 3 E  0.673495593E+03 -0.708508704E+01  0.547200993E+01  0.107417154E-02  0.111925984E+04 -0.460352469E-06  0.137732689E-05 -0.676344521E-07  
 4 E  0.160217111E+04 -0.852053669E+01 -0.587491323E+00 -0.267392498E+01  0.177018964E+04 -0.236877612E-06  0.827077605E-05  0.186518369E-04  
 5 E  0.233268645E+04 -0.892508987E+01  0.440978904E+00  0.991883019E-01  0.234727724E+04  0.447950083E-06 -0.592600949E-05  0.468527918E-06  
 6 M  0.242995838E+04 -0.914556348E+01 -0.701948147E+01  0.717788982E+00  0.263908559E+04  0.137255551E-08  0.491611802E-09 -0.530817945E-10  
 7 E  0.299516706E+04 -0.194250699E+00 -0.626191477E+01 -0.223732270E-02  0.327054936E+04  0.481312593E-08 -0.184501356E-05 -0.121943164E-08  
 8 E  0.391310806E+04  0.508748470E+01 -0.368148260E+01  0.242441431E+00  0.402269089E+04 -0.101831419E-05 -0.340381485E-06 -0.709809801E-08  
 9 E  0.464366027E+04  0.494813470E+01  0.382872730E+01 -0.433795359E+00  0.466253367E+04 -0.826467927E-06  0.118233852E-05  0.499633063E-07  
10 M  0.476948295E+04  0.752088764E+01  0.261496219E+01 -0.656732976E+00  0.485853350E+04 -0.152982691E-08 -0.286932965E-08  0.487089594E-10  
11 E  0.536315327E+04  0.803788348E+00  0.683934622E+01  0.600750608E-03  0.561165505E+04  0.241628109E-07  0.819572165E-07 -0.228691020E-09  
12 E  0.628353025E+04 -0.448712826E+01  0.501997380E+01 -0.141175345E+01  0.646615918E+04 -0.135372782E-05  0.280488265E-06  0.384596860E-04  
13 E  0.701404597E+04 -0.426446834E+01  0.534800546E+01  0.858320140E+00  0.703320991E+04  0.118048557E-06  0.873522252E-07  0.119395198E-07  
14 M  0.714180560E+04 -0.954370681E+01  0.137527196E+01 -0.100562568E-01  0.722444690E+04  0.114496740E-11  0.138414572E-09 -0.206869156E-11  
15 E  0.769274766E+04 -0.489183338E+01 -0.374498496E+01  0.326485328E-03  0.795882435E+04 -0.725264052E-07 -0.600913086E-07  0.569845687E-09  
16 E  0.861025350E+04  0.607037539E+00 -0.611897673E+01 -0.558144409E+00  0.878558208E+04 -0.297298867E-05  0.319068821E-05 -0.248272580E-03  
17 E  0.934078926E+04  0.377495739E+00 -0.606124719E+01 -0.105798425E+01  0.935358046E+04 -0.214326523E-07  0.118699364E-06 -0.940482612E-08  
18 M  0.942606389E+04  0.329103218E+01 -0.105790348E+02  0.278814283E+00  0.951705431E+04  0.189537160E-09  0.235177131E-10  0.917782310E-11  
19 E  0.100326667E+05  0.569054038E+01  0.500369263E+00  0.272633797E-02  0.103256742E+05 -0.744194091E-08 -0.274894025E-08 -0.167698604E-10  
20 E  0.109483151E+05  0.468913615E+00  0.505076355E+01  0.259975206E+01  0.112112977E+05  0.496155319E-04 -0.691840618E-04  0.253858736E-04  
21 E  0.116788222E+05 -0.166196425E+01  0.529369934E+01  0.130248544E+01  0.117014537E+05  0.210912132E-06 -0.272407186E-06 -0.231113537E-07  
22 M  0.118296988E+05 -0.349939258E+01  0.733121994E+01 -0.166675888E+01  0.119108552E+05 -0.231147838E-09 -0.129277980E-09 -0.503459115E-10  
23 E  0.123707410E+05 -0.718027897E+01  0.406609091E+01  0.124750679E-02  0.126392337E+05  0.747018069E-09 -0.437175836E-09  0.176438773E-11  
24 E  0.132965779E+05 -0.796518373E+01 -0.186803169E+01 -0.103316298E+01  0.134061551E+05  0.490650195E-08  0.313165036E-07  0.944810361E-09  
25 E  0.140270930E+05 -0.817686333E+01 -0.980018607E+00 -0.685226726E-01  0.140417640E+05  0.947455484E-08 -0.188086614E-07 -0.632364335E-09  
26 M  0.141248993E+05 -0.787902199E+01 -0.827730368E+01  0.765105020E+00  0.142129002E+05  0.249495424E-10 -0.829493750E-10 -0.369651125E-11  
27 E  0.147115721E+05  0.221597527E+01 -0.463410713E+01  0.152559339E-01  0.150312729E+05 -0.183439611E-06  0.109515072E-06  0.400060456E-09  
28 E  0.156250028E+05  0.472385489E+01  0.201723485E+01 -0.277678559E-02  0.157342629E+05 -0.917547472E-07 -0.121264789E-06  0.255308538E-09  
29 E  0.163534036E+05 
================ PARENT CYCLER 5.751ggF3      ======================= 
Parent cycler number                                              178 
Approximate search space (synodic periods after J2000)              9 
Number of steps to walk eccentricity/inclination              9 /   9 
Number of cycles                                                    7 
Total delta v over 44.49 years (km/s)                        0.000000 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 3       106.3       11.665       11.665        8.908        8.908        
 7        91.7        7.871        7.871       11.860       11.860        
11       119.9        5.711        5.711        7.768        7.768        
15       114.3        8.025        8.025       10.452       10.452        
19        93.4        5.408        5.408        9.558        9.558        
23       140.5        5.715        5.715        8.946        8.946        
27        89.5        7.348        7.348       12.257       12.257        
AVERAGE  107.9        7.392        7.392        9.964        9.964        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                             7465.514376 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.106279360E+03  0.111694839E+02  0.336011004E+01 -0.150291299E-02  0.202364945E+03  0.362619857E-10  0.113309612E-09  0.343849743E-10  
 2 E  0.706814262E+03  0.541010940E+01  0.103364854E+02 -0.117665092E-02  0.951102350E+03 -0.133593309E-10 -0.156939070E-10 -0.207986717E-10  
 3 E  0.164638383E+04 -0.374845058E+00  0.116041963E+02  0.112699011E+01  0.166232367E+04  0.206871222E-10  0.248437259E-10  0.629649403E-11  
 4 M  0.175264942E+04 -0.665883143E+01  0.590209968E+01  0.430213956E+00  0.184352128E+04  0.108900041E-10  0.708639754E-11  0.335321478E-11  
 243
 5 E  0.235846184E+04 -0.782389912E+00  0.780185178E+01 -0.561924177E-03  0.245620950E+04 -0.108296556E-10  0.987400049E-11  0.517211641E-12  
 6 E  0.301011290E+04 -0.768660101E+01  0.174850954E+01  0.869222955E-03  0.328742803E+04  0.217056059E-10 -0.148928432E-11  0.986571637E-12  
 7 E  0.393449668E+04 -0.702963455E+01 -0.352328255E+01 -0.349068915E+00  0.394824977E+04  0.784364674E-10 -0.357990386E-10 -0.647040921E-12  
 8 M  0.402618395E+04 -0.585398259E+01 -0.102958414E+02  0.616747168E+00  0.411945445E+04  0.887866420E-11 -0.792135571E-11  0.187536205E-12  
 9 E  0.464798727E+04  0.112256834E+01 -0.559917619E+01 -0.307442319E+00  0.475756922E+04  0.211963641E-11 -0.817432324E-11 -0.967273991E-12  
10 E  0.537853357E+04  0.542510591E+01 -0.185425791E+01  0.359742797E-02  0.564409485E+04 -0.200290760E-10  0.639197687E-11 -0.127365252E-11  
11 E  0.629426212E+04  0.274733055E+01  0.497379072E+01  0.575423071E+00  0.631223986E+04  0.121523616E-10 -0.234118967E-11  0.847875230E-12  
12 M  0.641411366E+04  0.281192152E+01  0.722762178E+01 -0.439242560E+00  0.650946626E+04  0.809496088E-11  0.636552275E-12  0.214433381E-11  
13 E  0.704979765E+04  0.627221555E+01  0.498508810E+01 -0.115801968E-02  0.714717174E+04 -0.610759508E-11  0.341175486E-10  0.202482646E-10  
14 E  0.769895824E+04 -0.268650749E+01  0.756260918E+01 -0.126338287E-02  0.796720051E+04 -0.103584416E-10  0.326642253E-10  0.592404297E-11  
15 E  0.862393159E+04 -0.673231557E+01  0.433100299E+01  0.559881825E+00  0.864107655E+04 -0.240997038E-10  0.998643050E-10 -0.191916377E-11  
16 M  0.873823131E+04 -0.101828295E+02 -0.224558964E+01  0.712284553E+00  0.882717068E+04  0.676398794E-11  0.307132339E-10 -0.470025653E-12  
17 E  0.933116046E+04 -0.510020115E+01  0.172898317E+01 -0.632446858E-03  0.943668642E+04  0.376144526E-11  0.346548979E-11  0.764198210E-11  
18 E  0.100346668E+05 -0.198246057E+01 -0.501963050E+01 -0.140539106E-02  0.103089972E+05 -0.688551156E-11 -0.270162706E-10  0.458492341E-12  
19 E  0.109491014E+05  0.469768516E+01 -0.244840986E+01 -0.108825438E+01  0.109631130E+05 -0.422736846E-10 -0.450728612E-10  0.194479120E-11  
20 M  0.110425115E+05  0.793912834E+01 -0.527018698E+01 -0.739628490E+00  0.111394757E+05  0.725090910E-11  0.680532250E-11 -0.347468673E-11  
21 E  0.116889393E+05  0.439776886E+01 -0.372274763E+01  0.568286744E-03  0.117931927E+05  0.139843095E-10  0.234780320E-11  0.301796604E-11  
22 E  0.123839619E+05  0.397949781E+01  0.410250538E+01 -0.882912821E-02  0.126586792E+05  0.117357092E-10  0.162626706E-10  0.541156664E-11  
23 E  0.132996863E+05 -0.226829407E+01  0.511655065E+01  0.115830037E+01  0.133207595E+05  0.195099139E-10  0.185674858E-10 -0.265657238E-11  
24 M  0.134401747E+05 -0.713837773E+01  0.537504066E+01  0.434575987E+00  0.135433029E+05  0.809909434E-11 -0.226844083E-11 -0.443158187E-11  
25 E  0.140468115E+05 -0.127007633E+01  0.721073227E+01 -0.560638736E-03  0.141458492E+05  0.443172654E-10 -0.236582507E-10  0.889283501E-11  
26 E  0.147070626E+05 -0.733970729E+01  0.609392353E+00  0.828228249E-03  0.150206387E+05  0.170629077E-11  0.631922804E-11  0.635410408E-11  
27 E  0.156293451E+05 -0.555414936E+01 -0.478425047E+01 -0.499036090E+00  0.156427743E+05 -0.298915028E-10  0.124202096E-10  0.304201719E-11  
28 M  0.157188730E+05 -0.469368004E+01 -0.113131887E+02  0.459933767E+00  0.158143604E+05 -0.304189318E-10  0.280066467E-10 -0.309854220E-12  
29 E  0.163554557E+05 
================ PARENT CYCLER 5.751Ggff3     ======================= 
Parent cycler number                                              179 
Approximate search space (synodic periods after J2000)             19 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 44.75 years (km/s)                        0.003179 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       111.8       ******       10.430        9.329        9.329        
 6        84.0        7.131        7.131       11.953       11.953        
11       157.5        6.598        6.599        7.889        7.889        
16       104.5        8.071        8.071       11.288       11.288        
21       118.4        5.993        5.993        8.243        8.243        
26       130.7        6.649        6.649        9.436        9.436        
31        85.9        6.452        6.452       11.177       11.177        
AVERAGE  113.3        6.816        7.332        9.902        9.902        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            15315.043060 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.215017113E+02 -0.379819031E+01  0.966432689E+01  0.977345109E+00  0.382656618E+02  0.733568681E-05 -0.400811677E-05 -0.522266763E-06  
 2 M  0.133261381E+03 -0.873257329E+01  0.322630576E+01 -0.607043051E+00  0.326671486E+03  0.251908371E-08 -0.243956758E-08 -0.249178285E-09  
 3 E  0.670511674E+03 -0.680013382E+01 -0.208985644E+01 -0.122198257E-02  0.956129553E+03  0.244511904E-06  0.117092234E-06  0.321972726E-08  
 4 E  0.159185967E+04 -0.673152161E+01 -0.220356140E+01 -0.846119365E+00  0.171604962E+04 -0.410580172E-06  0.843607078E-06 -0.230932334E-04  
 5 E  0.195712423E+04 -0.676051318E+01 -0.221096884E+01  0.324084841E-02  0.201191495E+04  0.483391085E-07 -0.137384659E-06 -0.824771631E-10  
 6 E  0.232239569E+04 -0.313591397E+01 -0.635124152E+01 -0.823029279E+00  0.233499220E+04  0.679145311E-07  0.955838695E-07  0.484073669E-08  
 7 M  0.240637245E+04 -0.925934268E+00 -0.118951436E+02  0.719450364E+00  0.249436232E+04 -0.673664099E-09  0.208922244E-09  0.430188589E-09  
 8 E  0.299297153E+04  0.554086035E+01 -0.357850443E+01 -0.108970487E-02  0.317680633E+04 -0.300000661E-06 -0.702391552E-05 -0.487813437E-08  
 9 E  0.391214551E+04  0.147611144E+01 -0.170400651E+01  0.618279591E+01  0.405094159E+04  0.575935232E-04  0.761223678E-03  0.165290610E-05  
10 E  0.427739835E+04 -0.488444084E+01  0.194605630E+01  0.396192762E+01  0.452576472E+04 -0.190284538E-04 -0.727150386E-04  0.725507493E-03  
11 E  0.464264301E+04 -0.815535336E+00  0.641345437E+01  0.132014462E+01  0.466626854E+04 -0.625940956E-05 -0.209068145E-05  0.140928563E-06  
12 M  0.480014655E+04 -0.571086853E+00  0.772902601E+01 -0.147353142E+01  0.497682076E+04 -0.282630864E-09 -0.644807614E-09 -0.999564811E-10  
13 E  0.535225346E+04 -0.550689479E+01  0.593216256E+01 -0.710461773E-03  0.562981552E+04 -0.149983977E-06  0.130500273E-06  0.234548039E-08  
14 E  0.627746032E+04 -0.570487773E+01  0.569959273E+01  0.603690936E+00  0.640529684E+04  0.112826439E-05  0.949582127E-06  0.824283823E-04  
15 E  0.664270751E+04 -0.573152022E+01  0.569029983E+01  0.437044335E+00  0.677055133E+04  0.375461282E-07  0.945047365E-07  0.947773593E-06  
16 E  0.700797556E+04 -0.797004932E+01  0.125688660E+01  0.210022926E+00  0.702365604E+04  0.286057707E-06  0.316067390E-06  0.190742710E-07  
17 M  0.711251214E+04 -0.960527438E+01 -0.589217395E+01  0.668107780E+00  0.719743145E+04 -0.153462007E-09  0.177963482E-09  0.143937800E-10  
18 E  0.767864090E+04 -0.660144452E+00 -0.596789714E+01 -0.140777518E-02  0.793536331E+04  0.146510194E-08  0.410798763E-08 -0.481060581E-10  
19 E  0.859550665E+04 -0.708476195E+00 -0.213834435E+01 -0.556807553E+01  0.877448207E+04 -0.625162763E-03 -0.743547352E-03  0.825894158E-04  
20 E  0.896076261E+04 -0.397253194E+00  0.463203307E+01 -0.380599686E+01  0.921278217E+04 -0.984275533E-06 -0.843239767E-06 -0.194679817E-04  
21 E  0.932600835E+04  0.532380969E+01  0.267842043E+01 -0.631742187E+00  0.934377064E+04  0.190788506E-07 -0.594308682E-08  0.138094271E-08  
22 M  0.944442360E+04  0.815236145E+01  0.107149042E+01 -0.586032786E+00  0.953430621E+04  0.236764379E-10  0.280149136E-10 -0.352625160E-11  
23 E  0.100436410E+05  0.159448703E+01  0.645353898E+01  0.281909099E-02  0.103746259E+05 -0.502178570E-09  0.520947768E-10 -0.127591595E-10  
24 E  0.109630434E+05  0.185529138E+01  0.634692626E+01 -0.522883758E+00  0.110799285E+05 -0.442212882E-07  0.155655781E-07  0.286341289E-05  
25 E  0.113283095E+05  0.187490655E+01  0.636730645E+01 -0.411775003E+00  0.114451891E+05 -0.277948154E-08 -0.382225667E-09  0.156826310E-07  
26 E  0.116935582E+05 -0.368884027E+01  0.545358188E+01  0.925670880E+00  0.117131604E+05 -0.116739388E-08 -0.220106219E-08  0.178836468E-09  
27 M  0.118242393E+05 -0.915053186E+01  0.229461956E+01 -0.199573224E+00  0.119446321E+05 -0.320640475E-10 -0.369828605E-10 -0.355787254E-11  
28 E  0.123714790E+05 -0.563349008E+01 -0.310579745E+01 -0.480277719E-03  0.126378716E+05  0.712594314E-08  0.331787414E-08  0.763185041E-10  
29 E  0.132900741E+05 -0.563959327E+01 -0.308337010E+01  0.423420822E+00  0.134106137E+05 -0.732341323E-07  0.121803278E-06  0.870915870E-05  
30 E  0.136553456E+05 -0.553125368E+01 -0.298540964E+01  0.136561194E+01  0.137758796E+05 -0.251931472E-05  0.434576647E-05  0.100938496E-03  
31 E  0.140206002E+05 -0.124998232E+01 -0.625437491E+01 -0.971502305E+00  0.140334867E+05  0.184297591E-08 -0.515603044E-08 -0.459122629E-09  
32 M  0.141065103E+05  0.173407194E+01 -0.110395098E+02  0.226860804E+00  0.141992406E+05 -0.332495227E-10  0.193776433E-11 -0.204595755E-11  
33 E  0.147247119E+05  0.505708363E+01  0.806545941E+00  0.116794764E-02  0.150261259E+05 -0.652036500E-07 -0.485273527E-07  0.857377248E-09  
34 E  0.156380877E+05  0.510038478E+01  0.186319038E+00  0.465468496E+00  0.156928732E+05 -0.285284542E-08  0.294156758E-07  0.172599970E-07  
35 E  0.160033242E+05  0.512097551E+01  0.209993253E+00  0.258298114E+00  0.161129060E+05 -0.164992895E-06  0.377550724E-06 -0.816843830E-05  
36 E  0.163685967E+05 
================ PARENT CYCLER 5.751Gfgf3     ======================= 
Parent cycler number                                              180 
Approximate search space (synodic periods after J2000)             17 
Number of steps to walk eccentricity/inclination              1 /   1 
Number of cycles                                                    7 
Total delta v over 44.68 years (km/s)                        0.166302 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1        93.7       ******        9.873        7.814        7.814        
 6       111.8        8.590        8.590       10.395       10.395        
11        93.0        5.406        5.406        9.519        9.519        
16       139.1        5.835        5.835        8.868        8.868        
21        88.7        7.682        7.682       11.882       11.882        
26       125.1        5.707        5.707        7.792        7.792        
31       110.3        8.332        8.332       10.620       10.620        
AVERAGE  108.8        6.925        7.346        9.556        9.556        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            13755.115013 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E  0.446784930E+02  0.747092741E+01  0.641611949E+01  0.705427396E+00  0.587261211E+02 -0.299675584E-10 -0.178591768E-09  0.102546918E-10  
 244
 2 M  0.138329347E+03  0.212792503E+01  0.735999751E+01 -0.153508396E+01  0.300879956E+03 -0.127409658E-10 -0.548592324E-11 -0.878814151E-11  
 3 E  0.680164710E+03 -0.378827838E+01  0.763269552E+01 -0.121878562E+01  0.913922258E+03 -0.291945455E-05 -0.460334633E-05 -0.237129824E-03  
 4 E  0.104541088E+04 -0.315326596E+01  0.799916084E+01  0.141421504E-02  0.124940662E+04  0.606791389E-11  0.224860024E-10  0.371961743E-11  
 5 E  0.197266425E+04 -0.350591143E+01  0.783009770E+01 -0.641144426E+00  0.210050706E+04  0.297444685E-05  0.144330421E-05 -0.138072818E-03  
 6 E  0.233792942E+04 -0.712969775E+01  0.475870090E+01  0.552084704E+00  0.235470060E+04 -0.789523227E-10 -0.267080801E-09 -0.151374404E-10  
 7 M  0.244973727E+04 -0.101262658E+02 -0.229626684E+01  0.501804576E+00  0.253459075E+04 -0.938294587E-11 -0.355642583E-10  0.212201314E-11  
 8 E  0.301542716E+04 -0.146106869E+01 -0.518225958E+01  0.560286015E+00  0.326744532E+04 -0.243792521E-06 -0.556846446E-06 -0.104433039E-04  
 9 E  0.338067087E+04 -0.188578189E+01 -0.505487747E+01 -0.246062046E-02  0.366416151E+04  0.159520827E-09  0.168589134E-08  0.569589798E-11  
10 E  0.429515683E+04 -0.218365500E+01 -0.491470103E+01 -0.568902163E+00  0.441203321E+04  0.280185864E-05 -0.117551284E-05  0.150107979E-03  
11 E  0.466039552E+04  0.467587028E+01 -0.248620207E+01 -0.108713854E+01  0.467434707E+04  0.124694804E-08  0.143515753E-08  0.253172134E-10  
12 M  0.475340589E+04  0.792895036E+01 -0.526006953E+01 -0.287022977E+00  0.484530621E+04  0.475694688E-10  0.407228118E-10 -0.536083452E-11  
13 E  0.536607468E+04  0.324038385E+01  0.434619284E+01  0.211481843E+01  0.561810575E+04  0.272982476E-05 -0.245464544E-06 -0.519318047E-04  
14 E  0.573133709E+04  0.390650212E+01  0.433497449E+01 -0.662418107E-01  0.600618040E+04 -0.897021199E-08 -0.153257186E-07 -0.746043961E-08  
15 E  0.664748144E+04  0.424020967E+01  0.396976251E+01 -0.298864406E+00  0.676071460E+04  0.637185851E-07 -0.118655338E-06 -0.190421208E-04  
16 E  0.701274969E+04 -0.209937185E+01  0.532336916E+01  0.114129184E+01  0.703361601E+04 -0.336149203E-08 -0.511966032E-07  0.374591793E-09  
17 M  0.715185850E+04 -0.699306587E+01  0.532941224E+01 -0.115253035E+01  0.735605690E+04  0.152838681E-10 -0.286861869E-10  0.697520756E-11  
18 E  0.768922270E+04 -0.767197726E+01 -0.380196427E+00  0.115160533E+00  0.792664643E+04  0.336808849E-06  0.987865881E-07  0.154174571E-03  
19 E  0.805448999E+04 -0.766400642E+01  0.294288576E+00 -0.878204117E-03  0.875641955E+04  0.204345926E-04 -0.687480533E-04  0.134819558E-07  
20 E  0.897808152E+04 -0.767063018E+01 -0.149850147E-01 -0.414641631E-01  0.910957679E+04 -0.144160800E-05 -0.436693179E-04  0.653354599E-04  
21 E  0.934334615E+04 -0.601043276E+01 -0.475451599E+01 -0.526521589E+00  0.935664703E+04 -0.829409163E-07 -0.166159852E-07 -0.284626951E-08  
22 M  0.943201870E+04 -0.417706513E+01 -0.111125042E+02  0.499160621E+00  0.964490152E+04  0.121236045E-05 -0.238421556E-05 -0.166347707E-07  
23 E  0.100581446E+05 -0.171617981E+01  0.803396393E+00 -0.543491372E+01  0.102261631E+05  0.618971988E-03 -0.795137492E-03 -0.864268252E-04  
24 E  0.104234023E+05  0.505908331E+01 -0.609064229E+00 -0.266129978E+01  0.110911654E+05  0.816237426E-02  0.992414399E-01 -0.710821094E-01  
25 E  0.113381462E+05  0.485184726E+01 -0.124923414E+01  0.272550217E+01  0.114477281E+05 -0.131847944E-04 -0.544035492E-04  0.596841507E-03  
26 E  0.117034190E+05  0.197884236E+01  0.529431038E+01  0.787758727E+00  0.117221885E+05  0.417238324E-07 -0.115294729E-07  0.278911135E-08  
27 M  0.118285488E+05  0.129480090E+01  0.753854418E+01 -0.148862910E+01  0.119107157E+05 -0.312456231E-10  0.815464799E-10  0.177521616E-10  
28 E  0.123763276E+05 -0.464492954E+01  0.693878469E+01 -0.201170964E+00  0.126137436E+05  0.137115166E-06  0.151967871E-06  0.411610851E-04  
29 E  0.127415830E+05 -0.403969877E+01  0.729181818E+01  0.530178839E-03  0.133992012E+05  0.137303761E-05  0.747980748E-06 -0.730256467E-10  
30 E  0.136678058E+05 -0.433111966E+01  0.711946077E+01 -0.421936229E+00  0.137956496E+05  0.853848174E-06  0.623497358E-06  0.107924234E-04  
31 E  0.140330738E+05 -0.751693713E+01  0.356784323E+01  0.426421461E+00  0.140496213E+05  0.206002866E-08  0.294225374E-08 -0.193001616E-09  
32 M  0.141433904E+05 -0.995445601E+01 -0.364026481E+01  0.657598362E+00  0.142301110E+05 -0.102030236E-10 -0.610313094E-10 -0.411824005E-11  
33 E  0.147215279E+05  0.169470441E+00 -0.500956247E+01 -0.402156153E+00  0.149735747E+05  0.108147539E-06  0.338348168E-07 -0.125272421E-04  
34 E  0.150868131E+05 -0.274872579E+00 -0.502747999E+01 -0.116482810E-01  0.157898016E+05  0.198347404E-04  0.882331751E-05  0.538866200E-07  
35 E  0.159997852E+05 -0.644788399E+00 -0.498343965E+01 -0.379423599E+00  0.161130175E+05  0.217843735E-06 -0.414149938E-07  0.190193798E-04  
36 E  0.163650506E+05 
================ PARENT CYCLER 6.205gG3       ======================= 
Parent cycler number                                              184 
Approximate search space (synodic periods after J2000)             20 
Number of steps to walk eccentricity/inclination              1 /   1 
Number of cycles                                                    7 
Total delta v over 44.93 years (km/s)                        0.054682 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 2       200.8        6.589        6.589        8.676        8.676        
 5       205.4        7.345        7.345        4.641        4.641        
 8       241.7        5.708        5.755        5.931        5.931        
11       157.3        6.167        6.167        9.146        9.146        
14       300.6        7.030        7.030        2.866        2.866        
17       182.8        5.385        5.385        9.051        9.051        
20       248.2        7.296        7.296        3.104        3.104        
AVERAGE  219.5        6.503        6.510        6.202        6.202        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            15627.987560 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.351534594E+02  0.425386672E+01 -0.509052827E+01  0.211360542E-03  0.358692406E+03  0.202892947E-04  0.341837829E-05  0.490227625E-05  
 2 E  0.112321673E+04 -0.598500008E+01 -0.234426566E+01  0.144715495E+01  0.115334241E+04 -0.143381615E-05  0.170176237E-04  0.859555847E-06  
 3 M  0.132405455E+04 -0.746544313E+01 -0.435338052E+01  0.764872719E+00  0.163044312E+04  0.213696716E-08 -0.104569170E-07 -0.385045825E-08  
 4 E  0.231240478E+04 -0.228218767E+01  0.692447622E+01 -0.168412765E-02  0.248678955E+04  0.148944011E-06  0.982658941E-07 -0.139499187E-07  
 5 E  0.347496992E+04  0.716638403E+01  0.153592592E+01  0.484341857E+00  0.353042000E+04  0.522096539E-06 -0.920607888E-06 -0.118567636E-05  
 6 M  0.368034058E+04  0.448452128E+01  0.866697422E+00 -0.823798510E+00  0.402059018E+04 -0.465132282E-06  0.947210472E-06  0.176044883E-06  
 7 E  0.468107470E+04  0.427161344E+00 -0.572585145E+01 -0.347142529E-03  0.485372545E+04 -0.156434876E-05 -0.215962612E-05  0.124962545E-05  
 8 E  0.583207971E+04 -0.443327189E+01  0.229275331E+01 -0.286535399E+01  0.586833898E+04  0.148513146E-04  0.228363878E-04  0.393617759E-05  
 9 M  0.607380816E+04 -0.588272280E+01  0.444072634E+00  0.606222907E+00  0.629794758E+04  0.437675296E-06  0.193320708E-06  0.682218002E-07  
10 E  0.700772239E+04  0.384827887E+01  0.481861966E+01  0.340953715E-03  0.740069150E+04 -0.306018720E-05  0.383066317E-05 -0.273880727E-06  
11 E  0.816351389E+04  0.263906331E+01 -0.522989601E+01 -0.192856786E+01  0.818710211E+04 -0.504534125E-05  0.208845116E-05 -0.265328373E-06  
12 M  0.832076870E+04  0.173783496E+01 -0.897443720E+01 -0.294882569E+00  0.873990657E+04 -0.420454194E-07  0.296204274E-07  0.582406994E-09  
13 E  0.934305619E+04 -0.673085068E+01 -0.193291605E+01  0.142003919E-02  0.972589775E+04 -0.414119223E-06 -0.138691643E-06  0.100297673E-06  
14 E  0.105031821E+05 -0.411586265E+00  0.691172343E+01 -0.121754469E+01  0.105512764E+05  0.127925539E-05  0.213181000E-06 -0.146520610E-06  
15 M  0.108037712E+05 -0.120527848E+01  0.258585544E+01 -0.270223430E+00  0.113199820E+05 -0.104904807E-08 -0.135341265E-08  0.374458076E-10  
16 E  0.116937899E+05  0.521225621E+01 -0.146544100E+01 -0.235148424E-03  0.121301936E+05 -0.300077224E-07  0.210291542E-07 -0.270725730E-07  
17 E  0.128422207E+05 -0.407592292E+01 -0.346969122E+01 -0.584574914E+00  0.128934020E+05 -0.150432911E-07 -0.256530402E-07  0.761679232E-10  
18 M  0.130250111E+05 -0.670993609E+01 -0.603541549E+01  0.688563270E+00  0.134410894E+05  0.870671242E-10  0.806288526E-10  0.239939390E-10  
19 E  0.140156738E+05 -0.392556078E+01  0.606809792E+01 -0.176973187E-02  0.141899965E+05 -0.482606654E-08  0.250284286E-07  0.633677875E-08  
20 E  0.151778253E+05  0.644230107E+01  0.330171783E+01 -0.907819703E+00  0.152150589E+05  0.653020626E-08  0.459710944E-07 -0.104994517E-07  
21 M  0.154260494E+05  0.254916468E+01  0.158426094E+01 -0.791655886E+00  0.157496376E+05  0.148842786E-08 -0.713343627E-09  0.563437891E-10  
22 E  0.163777793E+05 
================ PARENT CYCLER 7.954Gg3       ======================= 
Parent cycler number                                              189 
Approximate search space (synodic periods after J2000)             19 
Number of steps to walk eccentricity/inclination            243 / 243 
Number of cycles                                                    7 
Total delta v over 45.23 years (km/s)                        0.238515 
---------EARTH TO MARS TRANSIT LEG CHARACTERISTICS BELOW------------- 
 LEG  E-M transit  Earth vinfm  Earth vinfp  Mars vinfm  Mars vinfp 
      time (days)    (km/s)       (km/s)       (km/s)      (km/s)   
 1       216.6       ******        4.813        5.649        5.649        
 4        87.1        8.645        8.645        8.951        8.951        
 7       154.3        6.659        6.659        4.901        4.901        
10       117.3       10.486       10.486        7.642        7.642        
13        98.1        6.222        6.222        6.461        6.461        
16       148.1        9.384        9.384        5.943        5.943        
19        92.5        8.181        8.181        7.404        7.404        
AVERAGE  130.6        8.263        7.770        6.707        6.707        
-------------DATA NECESSARY TO REPRODUCE CYCLER BELOW---------------- 
EPOCH TIME (days after J2000)                            15340.806697 
LEG E/M  time start       vinfx            vinfy            vinfz           time dv          dvx              dvy              dxz             
         (days)           (km/s)           (km/s)           (km/s)          (days)           (km/s)           (km/s)           (km/s)          
 1 E -0.808647114E+02 -0.277442737E+01  0.293354431E+01  0.262001813E+01 -0.483738457E+02  0.477182402E-08  0.981220697E-08  0.576936261E-09  
 2 M  0.135741060E+03 -0.478802334E+01  0.279352291E+01  0.108707881E+01  0.470437599E+03 -0.220891906E-11  0.121027601E-10  0.611327858E-11  
 3 E  0.952074082E+03 -0.821356558E+01  0.275204777E+01  0.749082452E-03  0.126578224E+04 -0.908699040E-11  0.254323301E-10  0.157065451E-10  
 4 E  0.231602262E+04 -0.511205582E+01 -0.690700529E+01 -0.948214495E+00  0.232908018E+04 -0.390595090E-10  0.964384964E-10 -0.700910190E-11  
 5 M  0.240307304E+04 -0.582670333E+00 -0.869631104E+01  0.203949650E+01  0.261940417E+04  0.190984521E-01  0.987434540E-02 -0.211657819E+00  
 245
 6 E  0.330445274E+04  0.535063491E+01 -0.393980956E+01 -0.623811846E-03  0.370232458E+04  0.242366039E-09  0.968667224E-10 -0.976793596E-11  
 7 E  0.467642458E+04  0.328875545E+01  0.568571550E+01  0.109582931E+01  0.469957508E+04 -0.117333945E-09 -0.214093197E-09  0.837376251E-11  
 8 M  0.483076125E+04  0.414794469E-01  0.487243722E+01  0.523821179E+00  0.517105983E+04  0.162858179E-10  0.667966543E-12  0.368590635E-11  
 9 E  0.564099595E+04 -0.230015054E+01  0.102594949E+02 -0.140179674E-02  0.599474053E+04  0.204192743E-11  0.244502209E-10  0.149457102E-10  
10 E  0.700155201E+04 -0.100810192E+02  0.288581679E+01 -0.945690928E-01  0.701914301E+04  0.125595897E-09 -0.767731645E-10  0.610989431E-12  
11 M  0.711882535E+04 -0.635664958E+01 -0.422219223E+01  0.404198147E+00  0.754079971E+04 -0.111801727E-10 -0.195628221E-10 -0.180841298E-11  
12 E  0.797999751E+04 -0.189188301E+01 -0.588156803E+01  0.635306378E-03  0.887410914E+04 -0.120663857E-10  0.399622558E-11  0.164041282E-10  
13 E  0.935555387E+04  0.621653961E+01  0.146945144E+00 -0.220428943E+00  0.937027293E+04 -0.476041899E-10  0.647563803E-10 -0.491602295E-11  
14 M  0.945368094E+04  0.628736122E+01  0.633758547E+00 -0.134622303E+01  0.993479788E+04  0.334396617E-11 -0.761547995E-11  0.406763104E-11  
15 E  0.103284390E+05  0.680230953E+01  0.649027379E+01 -0.213041344E-02  0.107369377E+05 -0.649779335E-11  0.145696069E-10  0.140720332E-10  
16 E  0.116901012E+05 -0.349660110E+01  0.868613994E+01  0.623852490E+00  0.117123096E+05 -0.148672157E-10  0.417164947E-10 -0.201133985E-11  
17 M  0.118381568E+05 -0.556263664E+01  0.175972245E+01  0.113120501E+01  0.124178788E+05  0.497668142E-12  0.710954489E-12  0.123383672E-11  
18 E  0.126546666E+05 -0.816205616E+01  0.552571135E+00  0.975506630E-03  0.128731403E+05 -0.816770971E-11  0.173125685E-10 -0.569005786E-12  
19 E  0.140201273E+05 -0.326297742E+01 -0.742836754E+01 -0.104806201E+01  0.140340003E+05 -0.382063636E-10 -0.163916344E-10 -0.316333413E-11  
20 M  0.141126137E+05  0.176553208E+01 -0.714578149E+01  0.795891805E+00  0.145863795E+05 -0.194768462E-10  0.607948757E-11 -0.932698921E-11  
21 E  0.150415663E+05  0.386854345E+01  0.173325529E+01 -0.146103704E-03  0.162292354E+05  0.118316054E-10 -0.106477835E-11  0.103842619E-10  
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